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MONOCLONAL ANTIBODIES SPECIFIC FOR DIFFERENT EPITOPES 
' OF HUMAN gp39 AND METHODS FOR THEIR USE IN 

DIAGNOSIS AND THERAPY 

1 5 This application is a continuation-in-part of United States patent application 

No. 08/379,057, filed January 26, 1995 and is incorporated herein in its entirety. 

Background of the Invention 

20 A successful immune response requires coordinated interaction of multiple cell 

types. The interaction between T-helper cells (Th) and antigen-presenting cells ( APC) 
such as B cells, monocytes, and dendritic cells results from complex communications 
involving signals received through soluble cytokines or membrane-bound proteins as 
well as adhesive interactions. Many of these signals are not specific to a directed 

2 5 immune response and the proteins are broadly distributed. 

A number of important T cell surface proteins involved in cell-cell interactions 
have been identified including CD2, CD4, CD8, CD28, LFA-I, CTLA-4 and gp39. 
These proteins participate in cell-cell contact by binding to their counter-receptors on 

30 APC and provide important costimulatory signals to T cells which modulate signals 
received through the T-cell antigen receptor. These costimulatory signals are 
necessary for the T cell to become fully engaged and express both membrane-bound 
and soluble factors required for the proper activation of the T cell-dependent effector 
cells (B cells, natural killer cells, monocytes, neutrophils, etc.). The gp39/CD40 T cell 

35 ligand/B cell receptor pair plays a critical role in the humoral immune response. /// 
vitro studies have shown that this receptor/ligand pair is involved in B cell 
proliferation, antibody and cytokine production and cell viability. Studies /// vim. both 
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5 through blocking with a monoclonal antibody or by observation of a genetic defect in 
gp39, have validated the /// vitro results, and extended them to the requirement for a 
functional gp39 for germinal center formation during immune response to antigen. 

CO40 is a 50 kDa type I membrane glycoprotein expressed by B cells, 

10 macrophages, follicular dendritic cells, thymic epithelium, normal basal epithelium, 
some carcinoma and melanoma-derived cell lines (Clark and Led better 1986, Proc. 
Natl Acad. Set. USA #.?:4494; Paerlieetal. 1985, Cancer Immunol. Immunol her. 
20:23, Ledbetter et al. 1987,7. Immunol. /.?*:788; Young et al. 1989, ////. 7 Cancer 
*?:786; Galy and Spits 1992, 7. Immunol. 740:775, Alderson et al. 1993, 7. Exp. Med 

15 / 7H.669) and recently has been reported to be expressed on T cells ( Armitage et al. 
1993, Eur. 7. Immttttol. 23: 2326) It has been shown to be an important signaling 
molecule with a range of downstream effects in multiple systems Early studies 
showed that CD40 was involved in B cell activation Crosslinking CD40 with anti- 
CD40 monoclonal antibody induces B cell aggregation via LFA-I (Gordon et al 1988, 

2 0 7. Immunol. 140: 1 425, Barrett et al., 1991, 7. Immunol. 146: 1 722), increases Ser/Thr 
(Gordon et al. 1988, supra) and Tyr (Uckun et al. 1 99 1 , 7. Bio/. Chetn. 266: 1 7478) 
phosphorylation of a number of intracellular substrates and provides a "competence" 
signal that allows B cells to proliferate and undergo class switching when stimulated 
with the appropriate second signal. For example, anti-CD40 monoclonal antibody can 

2 5 synergize with PM A (Gordon et al. 1 987, Eur. 7. Immunol. 1 7: 1 535) or anti-CD20 
monoclonal antibody (Clark and Ledbetter 1986. supra) to induce B cell proliferation, 
with 1L-4 to induce B cell proliferation (Gordon et al 1987, supra: Rousset et al. 
1991, 7. Exp. Med. 772:705) and IgE secretion (Jabara el al. 1990. 7. Exp. Med. 
772: 1861; Gascan et al 1 99 1 , 7. Immunol. 1 47:%: Rousset et al 1 99 1 , supra: Zhang el 

30 al. 1991,7. Immunol. /46:I836, Shapiraet al 1992,7. Exp. Med. 1 75:289) and with 
IL-10 and TGF-p to induce IgA secretion by sluD" B cells (DeFrance el al 1992. 7. 
Exp. Med 1 75:67 1 ). 

Isolation of a cDNA clone encoding human CD40 (Stamenkovic et al. 1989, 
35 EMBO.J. H: 1403) shows that CD40 has a significant homology to the nerve growth 
factor receptor family. Using a soluble form of CD40. CD40-immunoulobulin fusion 
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5 protein (CD40-lg) (Armitage et al. 1992, Nature 357:X0; Ume et al. IW2. Ettr. ./. 
Immunol 22;2573; Noelle et al. 1992, /'roc. Nat'/. Acad Set. USA #9:65501 it was 
found that the CD40 ligand (gp39, CD40-L), a protein of approximately 39 kDa, was 
expressed by activated human and murine T cells. In addition, blocking studies with 
CD40-Ig (Fanslow et al. 1992, J. Immunol. 749:655; Noelle et al 1992, supra) or an 
1 0 anti-murine gp39 monoclonal antibody (MR1 ) Noelle et al. 1992, supra) showed that 
preventing gp39-CD40 binding resulted in inhibition of B cell biological responses. 

Complementary DNA encoding both murine (Armitage et al. 1992, 
Nature J57.80) and human (Hollenbaugh et al. 1992, UMBO J. 11:43 13; Spriggs et al. 
1 5 1 992, ./. Exp. Med 1 76: 1 543) gp39 or a soluble recombinant form of gp39 and 1L-4 or 
gp39 and 1L-I0 can drive human B cells to secrete lgE and IgA, or lgG and IgM, 
respectively (Aruffo et al. 1993, Cell 72:291 ). Taken together, these results suggest 
that gp39 may be a T cell "switch" responsible for some aspects of B cell 
differentiation and isotype switching (Noelle et al. 1992, Immunol. Today 13:43 1 ). 

20 

Recently, the gene encoding gp39 was mapped to Xq26, the X chromosome 
region where the gene responsible for hyper -IgM syndrome (HIM) had previously 
been mapped (Aruffo et al. 1993, Cell 72:291). The gp39 molecules in the HIM 
patients were found to be functionally abnormal. Activated T cells have been found to 
25 produce normal levels of mRNA, but the gp39 encoded is defective (Aruffo et al. 
1993, supra: DiSanto et al 1993, Nature 361:541). 

Hyper-lgM syndrome is one of at least seven inherited immunodeficiencies 
mapped to the X-chromosome (Kinnon and Levinsky 1992, ./. Inherit. Me tab I)i.\. 

30 75:674). The disease is characterized by low or absent IgG, IgA and lgE levels, 
normal or elevated levels of IgM, normal numbers of recirculating B cells, 
susceptibility to bacterial and opportunistic infections (including hteumwysttc 
a//v///7), no germinal centers, autoimmunity, neutropenia, X-linked and autosomal 
forms, and gp39 ligand gene defects in the X-linked form of the disease. Common 

3 5 Variable Immunodeficiency (CV1) is another group of immunodeficiency disorders 
characterized by abnormal antibody responses and recurrent bacterial infections 



WO 96/23071 PCTAJS96/01119 

5 Clinical presentations of CV1 are diverse, as the disorders described by the term 
include a wide variety of as yet uncharacterized defects. Disease states described as 
CVI commonly show decreased or absent serum lgG and IgA, while the levels of IgM 
may be normal or decreased- Although most CVI patients have normal T cell numbers 
and responses, some may have decreased numbers, abnormal CD4/CD8 cell ratios or 
1 0 abnormal T cell function. There is also an increased probability of autoimmune 
antibodies in this patient population. 

Mutations in the gene encoding gp39 result in deletions giving rise to frame 
shifts and premature stop codons, or point mutations resulting in amino acid 

1 5 substitutions (Allen et al 1 993, Science 259:990: DiSanto et al. 1 993, supra\ Fuleichan 
et al. 1993, supra, Korthauer et al. 1993, supra\ Aruftb et al 1993, supra\ Collard et 
al. 1993, Immunol Today 14:559). The effect of these mutations on expression of 
gp39 by activated T cells has been examined using soluble CD40-lg, polyclonal 
antibody raised against a gp39 bacterial fusion protein (anli-TRAP) (Graf et al. 1992, 

2 0 Eur. J. Immunol 22:3191 ; Korthauer et al. 1993, Nature 361:539) and a gp39 specific 
monoclonal antibody 5c8 (Lederman et al 1992, ./. Exp, Med 1 75: 109 1 ). Staining 
with soluble CD40-Ig, gp39 expression was found to be absent, while that for ami- 
TRAP was normal on T cells from one out of three patients tested, which was 
confirmed using the monoclonal antibody. These results show that expression of gp39 

25 is variable in HIM patients and it has been suggested that further work is needed to 
determine whether the variation in surface expression of mutant forms of gp39 
correlates with HIM disease severity. In the absence of a family history of X-HIM, the 
disease is difficult to distinguish from CVI The methods currently used to identify a 
defect in gp39 as the causative agent in X-HIM include the sequencing of nucleotides 

30 comprising the gp39 gene from cDNA formed from mRNA isolated from in vino 
activated lymphocytes that do not bind CD40, but do contain mRNA encoding gp39 
This method has been used to show one patient diagnosed with CVI actually sutlers 
from hyper IgM syndrome However, the methods are laborious and would be very 
expensive to use on a more generalized basis 



4 
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5 What is needed in the an are additional monoclonal antibodies reactive with 

different epitopes of gp39 which can be easily used to assay for mutant forms of gp3 c > 
and for other purposes in diagnostics to distinguish between common variable 
immunodeficiency and X-linked hyper-lgM, and in therapeutic methods to modulate 
disease states responsive to interactions between CD40 and its ligand gp39. 

10 

Summary of the Invention 

This invention provides for monoclonal antibodies capable of binding to at least 
twelve separate epitopes on human gp39. The invention further provides for antigen 
1 5 binding fragments and recombinant binding proteins, derived from the monoclonal 
antibodies of the present invention, which also bind to gp39. Also provided are 
specific hybridomas which secrete monoclonal antibodies which bind to the twelve 
epitopes on gp39 disclosed. 

20 In one embodiment of the present invention, the monoclonal antibody, antigen 

binding fragment or recombinant binding protein thereof, is characterized by its binding 
to a mutant form of human gp39 and wild-type gp39 with a similar avidity when the 
mutants of gp39 comprise the replacement of tyrosine 145, asparagine 180 or 
phenylalanine 20 1 and glutamic acid 202 with alanine, and also has a poor binding 

2 5 avidity to a mutant form of gp39 when compared to the binding avidity to wild-type 
gp39 when the mutant comprises glutamic acid 1 29, serine 131 and tyrosine 1 35, or 
lysine 143 replaced by alanine; and further does not react with gp39 by Western blot. 
Specific examples of monoclonal antibodies having these characteristics are those 
secreted by hybridomas as 39-1 .3 designated ATCC HB 1 1822 39-1. 122 designated 

30 ATCC HB 1 1816 or 39-1. 138 designated ATCC HB 1 1821. 

In a second embodiment, the monoclonal antibody, antigen binding fragment or 
recombinant binding protein thereof is characterized by its binding to a mutant form of 
human gp39 with a somewhat reduced avidity when compared to the binding avidity to 
35 wild-type gp39 when the mutant form of gp39 comprises tyrosine 145, asparagine 180 
or phenylalanine 20 1 and glutamic acid 202 are replaced by alanine, and further has a 
poor binding avidity to a mutant gp39 compared to the binding avidity to wild-type 



5 
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5 gp39 when the mutant form of gp39 comprises glutamic acid 129, serine 1 3 1 and 

threonine 135, or lysine 143 replaced by alanine, and also does not react with gp.10 by 
Western blot. Specific examples of a monoclonal antibody with these characteristics 
includes that secreted by hybridoma 39- 1 .59 designated ATCC HB 11815. 

10 In a third embodiment of the present invention, the monoclonal antibody, 

antigen binding fragment or recombinant binding protein thereof is characterized by its 
binding to a mutant form of human gp39 with a somewhat reduced binding avidity 
when compared to the binding avidity to wild-type gp39 when the mutant of gp30 
comprises serine 131 and threonine 135, tyrosine 145, asparagine 1 80 or phenylalanine 

15 201 and glutamic acid 202 are replaced by alanine. The antibody is further 

characterized by having poor binding avidity to a mutant of gp39 when compared to 
the binding avidity to wild-type gp39 wherein the mutant form of gp39 comprises 
glutamic acid 129, or lysine 145 replaced by alanine. Further, the antibody does not 
react with gp39 by Western blot. Specific examples of monoclonal antibodies having 

20 these characteristics are those secreted by the hybridoma 39- 1 .37 designated ATCC 
HB 1 18 13 or 39-1. 132 designated ATCC HB 11809. 

In another embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein thereof is characterized by 

25 binding to a mutant form of human gp39 with a somewhat reduced binding avidity 
when compared to the binding avidity to wild-type gp39 when the mutant form of 
gp39 comprises serine 13 1 and threonine 135, tyrosine 145, asparagine 1 80, or 
phenylalanine 201 and glutamic acid 202 are replaced by alanine; and further has a 
poor binding avidity to a mutant of gp39 compared to the binding avidity to wild-type 

30 gp39 when the mutant form of gp39 comprises glutamic acid 129, or lysine 143 
replaced by alanine. The antibodies of this group also react with gp39 by Western 
blot. Specific examples of monoclonal antibodies having these characteristics include 
those secreted by hybridomas 39-1.1 24 designated HB 11819 and 39-1. 1 56 designated 
ATCC HB 11817 

35 

In a further embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein thereof is characterized by 
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5 binding to a mutant form of human gp39 with a somewhat reduced or similar Ijind i ^» 
avidity when compared to the binding avidity to wild-type gp39 when the mutant form 
of gp39 comprises glutamic acid 129, serine 13 1 and threonine 135, tyrosine 145, 
asparagine 180 or phenylalanine 201 and glutamic acid 202 replaced by alanine, and 
further has a poor binding avidity to a mutant of gp39 comprising lysine 143 replaced 
10 by alanine than to wild-type gp39. The antibody is further characterized by the 

inability to bind gp39 in a Western blot. Specific examples of monoclonal antibodies 
having these characteristics are those secreted by the hybridomas 39- 1 .7 designated 
1 1812. 39-1.128 designated ATCC HB 1 1818 and 39-1.26 designated ATCC 
HB 1 1 820. 

15 

In yet another embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein thereof is characterized by its 
binding to mutant form of human gp39 and to wild-type gp39 with a similar binding 
avidity when the mutant comprises glutamic acid 129, serine 13 1 and threonine 135, 

20 tyrosine 145, or asparagine 180 replaced by alanine. The antibody is further 

characterized by having poor binding avidity to a mutant human gp39 when compared 
to the binding avidity to wild-type gp39 when the mutant form comprises 
phenylalanine 201 and glutamic acid 202 replaced by alanine and has a somewhat 
reduced binding avidity to a mutant gp39 when compared to the binding avidity to 

25 wild- type gp39 when the mutant form comprises lysine 143 replaced by alanine. Also, 
the monoclonal antibody binds to gp39 by Western blot. Specific examples of 
monoclonal antibodies having these characteristics include those secreted by the 
hybridomas 39-1.77 designated ATCC HB 1 1814, 39-1.106 designated ATCC 
HB 11811 and 39-1.134 designated ATCC HB 1 1810. 

30 

In a further embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein thereof is characterized by its 
binding to a mutant form of human gp39 and wild-type gp39 with a similar binding 
avidity when the mutant gp39 comprises glutamic acid 129, serine 131 and threonine 
35 1 35, lysine 143, tyrosine 145 or asparagine 1 80 replaced by alanine, and has a poor 
binding avidity to a mutant gp39 compared to the binding avidity to wild-type gp39 
when the mutant form of gp39 comprises phenylalanine 201 and glutamic acid 202 



7 
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5 replaced by alanine. The antibody is further characterized by its ability to bind to gp3 4 > 
by Western blot. A specific example of a monoclonal antibody having these 
characteristics is the monoclonal antibody secreted by the hybridomas 30-1.29 
designated ATCC HB 1 1 808. 

10 In another embodiment of the present invention, the monoclonal antibody, 

antigen binding fragment or recombinant binding protein is characterized by binding to 
a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutant form of gp39 comprises glutamic acid 129, serine 131 and threonine 135, 
tyrosine 145, or asparagine 180 replaced by alanine The antibody is also characterized 

15 by having a somewhat reduced binding avidity to a mutant gp39 when compared to 
wild-type gp39 when the mutant comprises lysine 143 replaced by alanine and also 
does not bind to gp39 by Western blot. A specific example of a monoclonal antibody 
having these characteristics is the monoclonal antibody secreted by the hybridoma 39- 
7.3E12 designated HB 11823. 

20 

In yet another embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein is characterized by binding to 
a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutant form of gp39 comprises glutamic acid 129 replaced by alanine. The 

25 antibody is also characterized by having somewhat reduced binding avidity to a mutant 
gp39 when compared to wild-type gp39 when the mutant comprises serine 13 I and 
threonine 135. asparagine 180, or phenylalanine 201 and glutamic acid 202 replaced by 
alanine and has a poor binding avidity to a mutant gp39 compared to the binding 
avidity to wild-type gp39 when the mutant form of gp39 comprises lysine 143 or 

30 tyrosine 145 replaced by alanine. The antibody also is unable to bind gp39 by Western 
blot A specific example of a monoclonal antibody having these characteristics is the 
monoclonal antibody 39-5. 6E9 designated ATCC HB 

In a further embodiment, the monoclonal antibody, antigen binding fragment or 
35 recombinant binding protein is characterized by binding to a mutant form of gp39 and 
wild-type gp39 with a somewhat reduced or similar binding avidity when the mutant 
form of gp39 comprises glutamic acid 129, serine 131 and threonine 135. lysine 143, 

x 
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5 tyrosine 145, asparagine 180, or phenylalanine 201 and glutamic acid 202 replaced by 
alanine. The antibody is also characterized by binding to gp39 by Western blot A 
specific example of a monoclonal antibody having these characteristics is the 
monoclonal antibody secreted by the hybridoma 39-9.246 designated ATCC HB 

10 In yet a further embodiment of the present invention, the monoclonal antibody, 

antigen binding fragment or recombinant binding protein is characterized by binding to 
a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutant form of gp39 comprises glutamic acid 129, serine 131 and threonine 135, 
tyrosine 145, or phenylalanine 201 and glutamic acid 202 replaced by alanine The 

1 5 antibody, antigen binding fragment or recombinant binding protein is also characterized 
by having a somewhat reduced binding avidity to a mutant gp39 when compared to 
wild-type gp39 when the mutant comprises lysine 143 replaced by alanine and a poor 
binding avidity when the gp39 mutant comprises asparagine 1 80 replaced by alanine. 
The antibody is also characterized as being unable to bind gp39 by Western blot. A 

2 0 specific example of a monoclonal ant ibody having these characteristics is the 
monoclonal antibody secreted by the hybridoma 39-9. 1 1 designated ATCC HB 



In yet a further embodiment of the present invention, the monoclonal antibody, 

2 5 antigen binding fragment or recombinant binding protein is characterized by binding to 

a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutant form of gp39 comprises glutamic acid 129, serine 13 1 and threonine 135. 
tyrosine 145, or phenylalanine 201 and glutamic acid 202 replaced by alanine The 
antibody is also characterized as being able to bind gp39 by Western blot. A specific 

3 0 example of a monoclonal antibody having these characteristics is the monoclonal 

antibody secreted by the hybridoma 39-9.274, designated ATCC HB 

In still a further embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein is characterized by not being 
35 highly reactive with a mutant human gp39 when the mutant comprises the glutamic 
acid at position 129, the serine at position 131 and the threonine at position 135, the 
tyrosine at position 145, or phenylalanine at position 201 and glutamic acid at position 
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202 replaced by alanine. Or, the monoclonal antibody is characterized as not being 
similarly reactive with a mutant of human gp39 when the mutant comprises the 
asparagine at position 180 or the lysine at position 143 is replaced by alanine. These 
antibodies can also be characterized by their binding or lack of binding to gp39 by 
Western blot. 

Each of the groups of monoclonal antibodies recognize epitopes of gp39 and 
can be manipulated either chemically or by recombinant methods that generate either 
antigen binding fragments or recombinant binding proteins. Examples of antigen 
binding fragments are the Fab, (Fab') 2 or Fv created by enzyme digestion of whole 
antibody. Recombinant binding proteins of the present invention include any molecule 
which maintains the antigen specificity of the parental antibody and has been 
recombined with other amino acid residue sequences. Examples include chimeric 
antibodies, sFvs, humanized antibodies and fusion molecules. 

In still another embodiment of the present invention, the monoclonal antibodies 
or recombinant binding proteins can be conjugated to a detectable marker or a 
therapeutic agent. Examples of detectable markers include fluorophores, radioactive 
isotopes, enzymes or chromophores. Therapeutic agents contemplated by the present 
invention can include radioisotopes, toxin, or a chemotherapeutic agent, such as a 
cytotoxic drug. In addition to conjugation techniques, the recombinant binding 
proteins of the present invention can be constructed to form fusion proteins that 
comprise a variable region derived from a monoclonal antibody of the present 
invention and an enzyme, protein toxin or proteinaceous therapeutic agent. 

In yet another embodiment of the present invention, a method for the detection 
of X-l inked hyper IgM syndrome is disclosed The method comprises the steps of 
isolating peripheral blood lymphocytes from a patient suspected of having symptoms 
associated by the syndrome, activating the peripheral blood lymphocytes, fixing and 
permeabilizing the isolated and activated peripheral blood lymphocytes, admixing a 
monoclonal antibody described with the activated, fixed and permeabilized peripheral 
blood lymphocytes, and detecting antibody bound to the cells. The antibody can be 
labeled with a detectable marker or can be unlabeled. When used unlabeled, a further 

in 
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step of adding a secondary antibody (which is labeled) specific for the first antibody is 
carried out prior to the detection step. The detectable marker can be, for example, a 
tluorophore, radioactive isotope, enzyme or chromophore. 

Further, the present invention provides hybridomas which secrete specific 
antibodies reactive with each of the epitopes described by the present invention. Each 
of these hybridomas was deposited with the American Type Culture Collection, 12301 
Parklawn Drive, Rockville, MD 20852 on January 20, 1995 under the conditions of the 
Budapest Treaty. 

, In yet another embodiment of the present invention, an isolated and purified 

nucleic acid sequence which encodes amino acid sequences for immunoglobulin light 
and heavy chains of immunoglobulin molecules which recognize epitopes of human 
gp39 are described by the present invention. In particular, the nucleic acid sequence 
encodes an amino acid sequence of the immunoglobulin light chain variable region 

) depicted in Sequence ID# 12 and in Sequence ID# 16. Also disclosed are specific 
nucleotide sequences which encode these amino acid sequences. Those are depicted in 
Sequence ID#s 1 1 and 15. Also, the nucleic acid sequences which encode 
immunoglobulin heavy chain variable regions having the amino acid residue sequence 
depicted in Sequence ID# 14 and Sequence 1D# 18 are provided. Particular nucleotide 

5 sequences which encode the amino acid residue sequences are provided in Sequence 
ID# 15 and Sequence ID# 17. 



The present invention also provides pharmaceutical compositions comprising the 
monoclonal antibodies, antigen binding fragments or recombinant binding proteins 
0 thereof described herein combined with a pharmaceutical^ acceptable carrier These 
compositions can include the monoclonal antibody, antigen binding fragment, or 
recombinant binding protein conjugated to a detectable marker or therapeutic agent. 

Methods are also provided for using these pharmaceutical compositions to 
5 inhibit an antibody response to a T cell dependent antigen in an animal by administering 
an effective amount of one of the compositions described above. The animal provided 
with the composition can include monkeys and humans. The inhibition of the antibody 
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response to a T cell dependent antigen can prevent an autoimmune response, the 
rejection of a transplanted organ, grafl-versus-host disease, an allergic response or an 
inflammatory response Autoimmune diseases preventable using this method can 
include psoriasis, rheumatoid arthritis, systemic lupus erythematosus or diabetes 
mellitus, among others. 

Further, the present invention provides methods for imaging cells expressing 
gp39 on their surface in a patient which comprise administering to a patient a 
pharmaceutical composition including a monoclonal antibody described above 
conjugated to a detectable marker under conditions permitting the formation of 
antibody/antigen complex on the surface of the cells expressing gp39, and delecting the 
presence of the antibody/antigen complex as indicated by the presence of the 
detectable markers. 

Description of the Figures 

Figures I A through ID demonstrate the binding of murine anti-human gp39 
monoclonal antibodies 7 (39-1.7) and 106 (39. 1-106) to activated human and macaque 
T cells. E rosette positive T cells were isolated from peripheral blood mononuclear 
cells, activated with PMA and ionomycin for six hours and then incubated with anti- 
human gp39 monoclonal antibodies 7, 106 or a negative control antibody. Cells were 
then incubated with an FITC goat anti-murine IgG polyclonal ami sera followed by a 
phycoerythrin labeled mouse anti-human CD4 monoclonal antibody. Cells were gated 
for CD4* cells and subsequently analyzed for anti-gp39 staining using a FACScan. 
Figures 1 A and IB Human T cells. Figures IC and ID Macaque T cells. 

Figures 2A through 2C demonstrate the inhibition of human CD40-lg binding 
to activated human and macaque T cells by murine anti-human gp39 monoclonal 
antibodies 7 and 106. E rosette positive T cells were isolated by peripheral blood 
mononuclear cells and stimulated with PMA and ionomycin for 6 hours. Activated T 
cells were incubated with murine anti-human gp39 monoclonal antibodies 7 (39- 1 .7) or 
106 (39-1. 106) at a concentration of 5 pg/ml followed by human CD40-lg (20 pg/ml). 
After incubation, the cells were stained with phycoerythrin labeled goat anti-human 



WO 96/23071 PCTAJS96/01119 

5 lgG and analyzed on a FACScan. Figure 2A Human T cells and monoclonal antibody 
7. Figure 2B Human T cells and monoclonal antibody 106. Figure 2C Macaque T 
cells and monoclonal antibody 7. Figure 2D Macaque T cells and monoclonal antibody 
106. 

1 o Figure 3 demonstrates the ability of murine anti-human gp39 monoclonal 

antibodies 7 and 106 to inhibit the production of lgG and IgM by macaque B cells 
stimulated by activated macaque T cells. 

Figure 4A and 4B demonstrates the ability of gp39 binding proteins to suppress 
15 an immune response in macaques to sheep red blood cells. Serum was collected 

weekly and (Fig. 4A) anti-SRBC IgM titers and (Fig. 4B) anti-SRBC lgG titers were 
assessed by ELISA. Values represent mean + SEM for 4 monkeys per group. The 
arrow indicates the time of the secondary immunization. Value reported is titer as 
determined by the dilution of serum yielding absorbance values five times the 

2 0 background value, where background is determined as the absorbance measurement 

recorded in the absence of serum. 

Figure S demonstrates the ability of macaques treated with gp39 binding 
proteins to generate an lgG response to KLH. Serum titers of specific monkeys* 
25 antibody were determined by ELISA. Results are the average of all monkeys in each 
group. Value reported is titer as determined by the dilution of serum yielding 
absorbance values five times the background value, when background is determined as 
the absorbance measurement recorded in the absence of serum. 

30 Figure 6 provides the nucleotide sequence for 106 VL (Seq. ID # 1 1 ) and the 

deduced amino acid sequence (Seq. ID #12). Figure IB provides the nucleotide 
sequence for 106 VH (Seq. ID #13) and the deduced amino acid sequence (Seq. ID 
#14). The leader sequences are encircled and the complementarity determining regions 
are shown in boxes. The VL is a member of the murine kappa V subfamily and the V 

35 gene segment has rearranged with Jk 5 (Figure 6A, underlined). The VH is a member 



n 



WO 96/23071 PCT/USW01119 

5 of the murine 111(D) subgroup The heavy chain V gene has rearranged with JH2 
(Figure 6B, underlined) 

Figure 7 provides the nucleotide sequence for 7 VL (Seq. ID #15) and the 
deduced amino acid sequence (Seq. ID #16). Figure 2B provides the nucleotide 

10 sequence for 7 VH (Seq. ID #17) and the deduced amino acid sequence (Seq. ID #18). 
The leader sequences are encircled and the complimentarity determining regions are 
shown in boxes. The VL is a member of the murine kappa II subfamily and the V gene 
segment has rearranged with Jk 4 (Figure 7 A, underlined) The VH is a member of the 
murine 11(A) subgroup The heavy chain V gene has rearranged with JH2 (Figure 7B, 

15 underlined). 

Figures 8 A and B demonstrate a titration of 106 sFv-lg and 7 sFv-lg COS cell 
transfection supernatants binding to immobilized human gp39 Flat bottom %-well 
plates coated with anti-mouse Lyt-2a and Lyt-2a-gp39 fusion protein were used to 

20 screen COS cell supernatants for functional anti-gp39 106 and 7 sFv-lg. Two-fold 

dilutions of a representative clone for each sFv-lg are shown. While mock transfection 
supernatant (no DNA added to COS cells) showed no activity, 106 sFv-lg and 7 sFv- 
Ig bound to immobilized gp39 at dilutions in excess of 1 : 100 (for 106 sFv-lg, binding 
could be detected down to a 1 : 1000 dilution of transfection supernatant). In 

25 comparison, an anti-mouse gp39 sFv (MR1 sFv-lg) did not bind to human gp39 
although it bound well to plates coated with anti-mouse Lyt-2a and Lyt 2a-murine 
gp39 fusion protein. 106 sFv-lg and 7 sFv-lg showed little to no reactivity on plates 
coated with anti-mouse Lyt-2a and Lyt 2a-murine gp39 fusion protein. 

30 Figures 9 A and 9B show the comparative binding of bivalent 1 06 monoclonal 

antibody and 106 sFv-lg to Jurkat cells constitutively expressing gp39. lodinated 
bivalent 106 mAb was compared to iodinated 106 sFv-lg for binding to gp39 
expressed on BMS- 10 Jurkat cells. The calculated affinities were Kd=4 x I0" |H ± 6 x 
I0" 11 for bivalent 106 mAb (Figure 9A) and Kd=1.6 x 10 v ± 3.3 x I0 HI for 106 sFv-lg 

35 (Figure 9B). Scatchard transformation showed that both bivalent 106 mAb and 106 
sFv-lg bound approximately 10,000 sites per cell (Figures 9A and 9B) 
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Figure 10 depicts the 106 VL humanization template. The original murine 
sequence is shown in the fourth row (ml06, Seq. ID #27) with the murine germline 
sequence beneath it. The chosen human template sequence is shown in the second row 
(human template, Seq. ID #29) with its human consensus sequence above it. The 

1 0 humanized 106 VL sequence (HI06, Seq. ID #28) is shown between the human 

template and the murine 106 VL sequence. It consists essentially of human framework 
residues and murine hypervariable residues. The hypervariable regions as defined by 
Kabat et al. ( Sequences of Proteins of Immunological Interest. 4th ed., U.S. Health 
and Human Services, Washington, D.C. (1987)) are shown outlined with a double line 

1 5 The L I , L2 and L3 loops are outlined in a single line and structural determinants 

defined by Chothia are shown by asterisks (Chothia and Lesk, 1987, ./. MoL Hiol. 196: 
901). Human or murine residues differing from the humanized 106 VL are double 
underlined. The human Jk was chosen on the basis of homology to the 106 Jk 

20 Figure 1 1 depicts the 106 VH humanization template. The original murine 

sequence is shown in the fourth row (ml 06, Seq. ID #30) with the closest murine 
sequence beneath it (a suitable germline sequence having only three residues in the H2 
loop was not available; instead, a rearranged sequence was chosen that had an overall 
high homology to 106 VH and also had a three residue H2 loop). The chosen human 

2 5 template sequence is shown in the second row (human template, Seq. ID #32) with its 
human consensus sequence above it (human VHIII/JH4 consensus). The humanized 
106 VH sequence (hl06, Seq. ID #3 1) is shown between the human template and the 
murine 106 VH sequence. It consists essentially of human framework residues and 
murine hypervariable residues (outlined with a double line). The H I, H2 and H3 loops 

30 are outlined with a single line and structural determinants as defined by Chothia 
(supra) are shown by asterisks. Human or murine residues differing from the 
humanized 106 VH are double underlined. The human JH was chosen on the basis of 
homology to 106 JH. 

35 Figure 12 depicts the assembly of the eight humanized 106 VH. Two DNA 

fragments were amplified by PCR of the first 149 bases of the murine 106 VH using 
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sense primers that encoded a Hindi 1 1 site immediately prior to 106 VH sequence 
containing changes of three (106 vh T-5') or four (106 vhA-5') of the murine residues 
to human residues, and an antisense primer that encoded unique restriction sites ( Nhei 
EcoRI, PstI and Xhal) These fragments were digested with Hhidlll and Xhtil and 
were ligated into pUC19, creating the two vectors 106 vhA-NEP and 106 vhT-NEP 
Three pairs of synthesized oligonucleotides encoded changes at one or two positions 
(106 vh SY, 106 vh DY, 106 vh SS) while 106 vh DS maintained the original murine 
sequence at residues SS and 56. All four pairs also encoded additional humanized 
residues of He57, Ala60, Lys64 and Lys7S which are not illustrated for simplicity. In 
addition, they were engineered with Nhei and PstI overhangs (O/H) and a unique Xliol 
site for diagnostic digests The DNA fragments generated by these oligonucleotides 
were ligated into the 106 vhA-NEP and 106 vhT-NEP vectors at the Nhei and PstI 
sites. A final PCR fragment was generated using the 106 vh Pst.V sense primer and the 
106 vh Xba3' antisense primer using murine 106 VH as the template. These two 
oligonucleotides encoded four more changes from murine to human sequence The 
DNA fragment was cloned into the previous constructs using PstI and Xhal restriction 

sites. 

Figure 13 demonstrates the inhibition of E-selectin expression on endothelial 
cells. The black bars show expression levels of E-selectin While the murine 106 sFv- 
lg shows strong inhibition, the L6 sFv-Ig negative control shows no inhibition. 
HuVL/106 vhA-DY ("ADY"). huVL/106 vhA-SY ("ASY") and hu VL/106 vhT-DS 
("TDS") inhibit E-selectin expression, although not as effectively as the murine 106 
sFv-Ig. Supernatants from the hu VL/l06vhT-SY ("TSY"; no protein) and 
huVL/106vhT-SS ("TSS M ; aberrant protein) translations did not show any activity 

Figure 14 depicts the Biacore™ analysis of humanized 106 sFv-Ig proteins 
binding to human gp39. Human gp39 was coated on chips and the various humanized 
106 sFv-Ig transfection supernatants were tested for binding. The original murine 106 
sFv-lg bound very tightly (no off-rate observed, as shown by horizontal line) Proteins 
from the huVL/106vhA-DY ("ADY12-3"), huVL/l06vhA-SY ("ASY2I-7") and 
huVL/106vhT-DS (TDS46-I7 H ) transfection supernatants also bound tightly with no 
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5 detectable off-rate. Supernatants from the huVL/l 06vhT-S Y (TS Y26-9"; no protein) 
and huVL/I06vhT-SS ("TSS36-I3"; aberrant protein) transfections did not bind to 
gp39-coated chips. 

Figure 15 provides a depiction of the complete hi 06 light chain expression 
10 piasmidpD16-hK8.LI. 

Figure 16 depicts the nucleic acid (Seq. ID #76) and amino acid residue (Seq. 
ID #77) sequences for the hi 06 immunoglobulin light chain insert which encodes the 
h 106 signal peptide, variable region and the associated flanking regions. 

15 

■ 

Figure 17 provides a depiction of the complete hi 06 heavy chain expression 
vector pDI7-hKl.HI. 

Figure 18 depicts the nucleic acid (Seq. ID #78) and amino acid residue (Seq. 
20 ID #79) sequences for the hi 06 heavy chain insert which encodes the hi 06 signal 
peptide, variable region arid the associated flanking regions. 

Figure 19 provides data for the inhibition of B cell proliferation by sgp39 in the 
presence of anti-human IgM. Resting tonsillar B cells were cultured in the presence of 
2 5 sgp39, rabbit anti-human IgM immunobeads, and the indicated amounts of monoclonal 
antibody for 72 hours. Plates were then pulsed with [ 5 H]-thymidine and incubated for 
an additional 16 hours. After incubation the ceils were harvested and [ 3 H]-thymidine 
incorporation determined. All tests were performed in triplicate. Results are 
expressed as percent inhibition compared to cultures that contained only medium. 

30 

Figure 20 compares the ability of the various humanized 1 06 antibody proteins 
to inhibit the antibody production by human B cells stimulated with activated T cells. 
Human peripheral blood mononuclear cells were depleted of monocytes and natural 
killer cells and then separated into E rosette positive (T cells) and E rosette negative 
35 (B cells). T cells were subsequently treated with mitomycin C and cocultured with B 
cells in anti-CD3 monoclonal antibody coated wells of a 96 well plate in the presence 
of the indicated amount of monoclonal antibody. AH tests were run in triplicate. 



WO 96/23071 PCIYUS96/01119 

Results are expressed as percent inhibition compared to cultures that contained 
medium only (no anti-gp39 monoclonal antibody). 



Figure 21 compares the ability of the various humanized 106 antibody proteins 
to inhibit the induction of E-selectin expression on endothelial cells by a gp39* T cell 
1 0 line. Human umbilical vein endothelial cells were cultured with BMS-2 cells, a Jurkat 
line known to express gp39, in the presence of the indicated amount of antibody. After 
four hours, the level of E-selectin expression was measured by ELISA. Error bars are 
smaller than the graph symbols. 

15 Detailed Description of the Invention 

In order that the invention herein described may be more fully understood, the 
following description is set forth. 

20 The present invention is directed to a group of monoclonal antibodies which 

recognize specific epitopes of the T cell membrane glycoprotein gp39, and to the 
hybridomas which produce and secrete these monoclonal antibodies. Also 
encompassed by the present invention are other monoclonal antibodies which can be 
made which competitively inhibit the binding of the specifically disclosed monoclonal 

2 5 antibodies to their epitopes Fragments of the monoclonal antibodies and recombinant 
proteins having the variable region of the disclosed monoclonal antibodies are also 
included in the present invention, as are methods of using the monoclonal antibodies, 
fragments and recombinant binding proteins in diagnosing hyper IgM syndrome, in 
other cell adhesion and T cell assays, and in methods of modulating immune responses 

30 in a host. 

The preparation of monoclonal antibodies can be accomplished by 
immortalizing a cell line producing antibody specific for an epitope on gp39. 
Typically, a monoclonal antibody of the present invention can be produced using well 
35 established hybridoma techniques first introduced by Kohler and Milstein. See, Kohler 
and Milstein, 1975, Nature 256:495 See also. Brown et al. 1981,,/. Immunol. 
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5 727:539: Yeh et al. 1 979. Proc. Nat' I. Acad. Set. USA 76:297; Hellstrom et al. 1 990. 
Cancer Research 50:2183. 

These techniques involve the injection of an immunogen (e.g.. cells or cellular 
extracts containing the gp39 antigen or purified gp39. either as native protein, a 

1 0 fragment containing an epitopic site, or a fusion protein) into an animal so as to elicit a 
desired immune response in that animal. Animals commonly used include many 
mammals, e.g., mouse, rat, cow, goat, sheep, rabbit, etc. The immunogen is 
commonly presented to the animal with an adjuvant, e.g., complete Freund's adjuvent, 
aluminum hydroxide gel, or the like. The animal may then be bled and the blood 

1 5 employed for the isolation of polyclonal antibodies Alternatively, the peripheral blood 
lymphocytes, splenic lymphocytes (B-cells). or lymph node lymphocytes can be 
employed for fusion with an appropriate myeloma cell to immortalize the genes 
encoding monoclonal antibodies specific for gp39. 

20 In the present invention, the monoclonal antibodies are partially characterized 

by their binding to a series of gp39 mutants. The binding avidity (strength of binding) 
of the antibodies to the mutant gp39 was compared to the binding avidity of the 
antibody to wild-type gp39. Binding avidity was characterized as poor if the 
comparison of the binding avidity to a particular mutant was less than 25-30% of the 

2 5 binding avidity to wild-type gp39; a weak or less profound reduction in reactivity was 

obtained if the binding avidity to a mutant was 25 to 30% to 50-55% of the binding 
avidity to wild-type gp39; a somewhat reduced reactivity was obtained if the binding 
avidity to the mutant was 50-55% to 75-80% of the binding avidity to wild-type; and 
similar or equivalent reactivity was obtained if the binding avidity to a mutant was 75- 

3 0 80% or greater than the binding avidity to a mutant The antibodies of the present 

invention were also characterized by their isotype, binding to gp39 by Western blot, 
ability to suppress B-cell proliferation and ability to suppress immunoglobulin 
production. 

35 While the invention is described by way of examples using murine monoclonal 

antibodies, the invention is not so limited and encompasses the use of, for example. 
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human hybridomas (Cote et al. 1983, Proc. Nat'l. Acad. Sci. USA #0:2026) or by 
transforming human B cells (e.g., with Epstein Barr Virus (EBV) in vitro) (Cole et al. 
1985, in Monoclonal A nii bodies and Cancer Therapy. Alan R. Liss, pp. 77-90) 



The monoclonal antibodies can be of any of the classes or subclasses of 
1 0 immunoglobulins, such as IgM, IgD, IgA, IgE or subclasses of IgG known for each 
species of animal Generally, the monoclonal antibodies can be used intact, or as 
epitope binding fragments, such as Fv, Fab, or F(ab') 2 . 

The cell lines of the present invention can find use other than for the direct 
1 5 production of the monoclonal antibodies. The cell lines can be fused with other cells 
(such as suitably drug-marked human myeloma, mouse myeloma, or human 
lymphoblastoid cells), to produce hybridomas, and thus provide for the transfer of 
genes encoding the monoclonal antibodies. Alternatively, the cell lines can be used as 
a source of the chromosomes, or genes, encoding the immunoglobulins, particularly 
2 0 those regions of the genes encoding the variable or epitope binding regions of the 
immunoglobulin, which can be isolated and transferred to cells by techniques other 

♦ 

than fusion. This can particularly be accomplished by preparing cDNA libraries (from 
mRNA), coding for the immunoglobulin and free of introns, then isolating and placing 
the DNA into suitable prokaryotic or eukaryotic expression vectors. Methods for the 
2 5 expression vectors can then be used to transform a host for production of 

immunoglobulin or epitope binding fragments. See, generally, U.S. Nos. 4, 1 72, 1 24; 
4,350,683; 4,363,799; 4,38 1,292; and 4,423, 147. See also, Kennet et al. 1980, 
Monoclonal Antibodies* Plenum Press, New York, and references cited therein. 



30 More specifically, in accordance with hybrid DNA technology, the 

immunoglobulin or epitope binding fragments of the present invention can be produced 
in bacteria (See, Boss et al. 1984, Nad. Acid lies. 12:3791 and Wood et al 1985, 
Nature 3 14:446). For example, the messenger RNA transcribed from the genes coding 
for the light and heavy chains of the monoclonal antibodies produced by a cell line of 

35 the present invention can be isolated by differential cDNA hybridization employing 
degenerate cONA probes derived from DNA sequences known to be common to 
mature immunoglobulin molecules of the parental cell type The mRNA that does not 



20 



WO 96/23071 PCIYUS96/011I9 

5 hybridize will be rich for the messages coding for the desired immunoglobulin chains. 
As necessary, this process can be repeated to further enhance the desired mRN A 
levels. The subtracted mRNA composition can then be reverse-transcribed to provide 
for a cDNA mixture enriched for the desired sequences. The RNA may be hydrolyzed 
with an appropriate RNase and the ssDNA made double-stranded with DN A 

10 polymerase I and random primers, e.g., randomly fragmented calf thymus DNA. The 
resulting dsDNA can then be cloned by insertion into an appropriate vector, e.g., virus 
vectors, such as lambda vectors or plasmid vectors (such as pBR322, pACYC 184, 
etc.)- By developing probes based on known sequences for the constant regions of the 
light and heavy chains, those cDNA clones having the gene coding for the desired light 

15 and heavy chains can be identified by hybridization. Thereafter, the genes can be 
excised from the plasmids, manipulated to remove superfluous DNA, and then 
introduced in an appropriate vector for transformation of a host and ultimate 
expression of the gene. Other methods well known in the an can be used to isolate 
gene sequences which encode immunoglobulin molecules. 

20 

In the present application, RNA was isolated and cDNA was generated using 
PCR techniques with immunoglobulin constant regions as primers. The PCR amplified 
VH and VL fragments were selected, cloned, and used to determine the nucleotide 
sequences for the variable regions. 

25 

Conveniently, mammalian hosts (e.g., mouse cells) can be employed to process 
the immunoglobulin chains (e.g., join the heavy and light chains) to produce an intact 
immunoglobulin; and furthermore, secrete the immunoglobulin free of any leader 
sequences, if desired. Alternatively, one can use unicellular microorganisms for 
30 producing the two chains, where further manipulation may be required to remove (he 
DNA sequences coding for the secretory leader and processing signals, while providing 
for an initiation codon at the 5* terminus of the sequence coding for the heavy chain 
In this manner, the immunoglobulins can be prepared and processed so as to be 
assembled and glycosylated in cells other than mammalian cells. 

35 
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5 If desired, each of the chains may be truncated so as to retain at least the 

variable region, which can then be manipulated to provide for other recombinant 
binding proteins specific for the gp39 epitope recognized by the parental antibody 

One such recombinant binding protein is a chimeric antibody, in which the 
10 variable regions of a parental antibody are recombined with the constant regions of 
antibodies derived from a different species (e.g., murine variable regions recombined 
with human constant regions). Typically, the variable region of a monoclonal antibody 
of the present invention will be joined with the constant region of a human antibody. 
Chimeric antibodies which are largely human in composition are substantially less 
1 5 immunogenic than murine antibodies. 

Another recombinant epitope binding protein is the single chain antibody. In 
such a construct, sometimes called an sFv, one variable region from both the heavy 
chain and light chain of the parental antibody are covalently linked through a peptide 
20 linker such that the epitope binding region is reformed Multivalent single chain 

antibodies comprising heavy and light chain variable regions specific for one or more 
epitopes of gp39 can also be constructed. See EP 0 610,046 and WO 94/13806 for 
how such recombinant binding proteins can be constructed. 

25 Still another type of recombinant binding protein is the humanized antibody 

wherein codons within the framework region of a nonhuman monoclonal antibody are 
changed through various methods of point mutagenesis to encode amino acid residues 
to make the murine framework more resemble a human framework region. See EP 0 
578,515, EP 0 592,106, Jones et al. 1986, Nature 32/ 522; Riechmann et al. 1988, 

30 Nature 352.323 Changes can also be made to the complementarity determining 

regions (CDR) to make the entire variable region more resemble the surface character 
of a human antibody The intention of making the various recombinant binding 
proteins is to alter either the immunogenicity of the antibody or an accessory activity 
related to the constant region or other active moiety recombined with the epitope 

35 binding region and to retain the gp39 epitope binding specificity of the original parental 
antibody. 
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This invention further provides compositions of the monoclonal antibod ies and 
recombinant binding proteins of the present invention. These compositions can 
comprise the monoclonal antibodies and recombinant binding proteins of the present 
invention labeled with a detectable marker, for example, a radioactive isotope, enzyme, 
1 0 fluorophor, chromophore, etc. Other compositions can comprise the monoclonal 
antibodies or recombinant binding proteins of the present invention conjugated or 
linked to a therapeutic agent, such as a radioisotope, a toxin (i.e., Pseudomonas 
exotoxin), or a chemotherapeutic agent. 

1 5 Conjugation or linkage of the antibody or recombinant binding protein of the 

present invention to the detectable marker or therapeutic agent can be by covalent or 
other chemical binding means. The chemical binding means can include, for example, 
glutaraldehyde, heterobifunctional, and homobifunctional linking agents. 
Heterobifunctional linking agents can include, for example, SM?T (succinimidyl 

2 0 oxycarbonyl-a-methyl-a(2-pyridyldition)-tolume, SPDP (N-succinimidyl3-(2- 
pyridylilithio) propionate and SMCC (succinimidyl-4-(N-male-imidomethyl) 
cyclohexane-l-carboxylate. Homobifunctional linking agents can include, for example, 
DMP (dimethyl pimelimidate), DMA (dimethyl suberinidate) and DTBP dimethyl 3,3'- 
dithio-bispropionimidate 

25 

Certain protein detectable markers and therapeutic agents can be recombinant^ 
combined with the variable regions of the monoclonal antibodies of the present 
invention to construct compositions which are fusion proteins, wherein the monoclonal 
antibody variable regions maintain their binding specificity and the detectable marker 
30 or therapeutic agent retain their activity. Recombinant methods to construct these 
fusion proteins are well known in the art. 

Pharmaceutical compositions comprising monoclonal antibody or recombinant 
binding proteins, either conjugated or unconjugated, are encompassed by the present 
35 invention. A pharmaceutical composition can comprise the monoclonal antibody and a 
pharmaceutical^ acceptable carrier. For the purposes of the present invention, a 
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5 "pharmaceutical^ acceptable carrier" can be any of the standard carriers well known in 
the art. For example, suitable carriers can include phosphate buffered saline solutions, 
emulsions such as oil/water emulsions, and various types of wetting agents. Other 
carriers can also include sterile solutions, tablets, coated tablets, and capsules. 

10 Typically, such carriers can contain excipients such as starch, milk, sugar, types 

of clay, gelatin, steric acid, or salts thereof, magnesium or calcium sterate, talc, 
vegetable fats or oils, gums, glycerols, or other known excipients. Such carriers can 
also include flavors and color additives, preservatives, or other ingredients. 
Compositions comprising such carriers are formulated by well known conventional 

15 means. See Remington's Pharmaceutical Science, 1 5th Ed , Much Publishing 
Company, Easton, Pennsylvania ( 1 980). 

The monoclonal antibodies and recombinant binding proteins of the present 
inventions find many /// vitro and /// viw uses. For example, compositions of the 
20 present invention can find use /// vitro to isolate soluble human gp39 and proteins 

having mutations in human gp39 associated with the human disease, such as X-linked 
hyper IgM syndrome. The compositions can also find use in diagnostic methods for 
differentiating between hyper X-linked IgM and CVI. 



25 For diagnostic purposes, the monoclonal antibodies and recombinant binding 

proteins can be either labeled or unlabeled. Typically, diagnostic assays entail 
detecting the formation of a complex through the binding of the monoclonal ant ibody 
or recombinant binding protein to the human gp39 either at the cell surface or within 
the activated T cell When unlabeled, the antibodies and recombinant binding proteins 

30 find use in agglutination assays. In addition, unlabeled antibodies can be used in 
combination with other labeled antibodies (second antibodies) that are specifically 
reactive with the monoclonal antibody or recombinant binding protein, such as 
antibodies specific for immunoglobulin. Alternatively, the monoclonal antibodies and 
recombinant binding proteins can be directly labeled. A wide variety of labels can be 

35 employed, such as radionuclides, fluoresces, enzymes, enzyme substrates, enzyme 
cofactors, enzyme inhibitors, ligands (particularly haptens), etc. Numerous types of 
immunoassays are well known in the an. 
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Commonly, the monoclonal antibodies and recombinant binding proteins of the 
present invention are used in fluorescent assays, where the subject antibodies or 
recombinant binding proteins are conjugated to a fluorescent molecule, such as 
fluorescein isothiocyanate (FITC). Because many mutant forms of human gp39 are 

1 0 not transported to the cell surface, T cells are isolated from a subject, activated and 
then the cells are permeabilized to allow the labeled antibody or recombinant binding 
protein to penetrate the cell and bind to mutant gp39 wherever it is present in the cell. 
Binding of the monoclonal antibodies to the intracellular gp39 and an inability to bind a 
soluble form of CD40 at the cell surface demonstrates the presence of certain point 

1 5 mutations in human gp39 has prevented localization of the gp39 molecule to the cell 
surface. This can be associated with human disease, such as X-linked hyper IgM. 
Presence of the bound antibody can be detected by a fluorescence activated cell sorter 
after excess labeled antibody or binding protein is washed away. Other conventional 
techniques well known to those skilled in the art can also be utilized 

20 

Kits can also be supplied for use with the compositions of the subject 
antibodies and recombinant binding proteins for detecting the presence of mutant 
human gp39 molecules in solution or on activated T cells. Thus, the subject 
monoclonal antibody and recombinant binding protein compositions of the present 

2 5 invention may be provided, usually in a lyophilized form either individually or in 
combination with antibodies which bind other specific human gp39 mutants. The 
antibodies and recombinant binding proteins, which may be conjugated to a label or 
unconjugated, are included in the kits with buffers, such as Tris, phosphate, carbonate, 
etc., stabilizers, biocides, inert proteins, e.g., bovine serum albumin, or the like 

30 Generally, these materials will be present in less than about 5% wt. based on the 
amount of active antibody, and usually present in total amount of at least about 
0.001% wt. based again on the antibody concentration. Frequently, it will be desirable 
to include an inert extender or excipient to dilute the active ingredients, where the 
excipient can be present in from about I to 99% wt. of the total composition Where a 

35 second antibody capable of binding to the monoclonal antibody or recombinant binding 
protein is employed, this will usually be present in a separate vial. The second 
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antibody is typically conjugated to a label and formulated in an analogous manner with 
the formulations discussed above. 



The monoclonal antibodies, particularly the recombinant binding proteins, 
single chain antibodies, chimeric antibodies and humanized antibodies, of this invention 

10 can also be incorporated as components of pharmaceutical compositions containing an 
amount of binding protein which is effective, for example, to modulate an immune 
response (i.e., an autoimmune response or allergic reaction) with a pharmaceutical^ 
acceptable carrier. Pharmaceutically accepted adjuvants (buffering agents, dispensing 
agents) may also be incorporated into the pharmaceutical composition. Such 

1 5 compositions can contain a single monoclonal antibody or recombinant binding protein 
specific for human gp39. Alternatively, a pharmaceutical composition can contain 
other biologically active molecules, for example, lymphokines, cytokines, other 
monoclonal antibodies or fusion proteins (i.e., CD28-lg, CTLA4-lg). 

20 The monoclonal antibodies, recombinant binding proteins and pharmaceutical 

compositions thereof of this invention are particularly useful for oral or parenteral 
administration. Preferably, the pharmaceutical compositions can be administered 
parenterally, i.e., subcutaneously, intramuscularly or intravenously. Thus, this 
invention provides compositions for parenteral administration which comprise a 

2 5 solution of the monoclonal antibody or recombinant binding protein dissolved in an 
acceptable carrier, preferably an aqueous carrier A variety of aqueous carriers can be 
used, e.g., water, buffered water, maltose, 0.4% saline, 0 3% glycine and the like. 
These solutions are sterile and generally free of particulate matter. These compositions 
can be sterilized by conventional, well known sterilization techniques The 

30 compositions can contain pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions such as pH adjusting a d bu e * 
toxicity adjusting agents, and the like, for example, sodium acetate, sodium chloride, 
potassium chloride, calcium chloride, sodium lactate, etc The concentration of 
antibody or recombinant binding protein in these formulations can vary widely, i.e., 

35 from less than about 0.5%, usually at or at least about I % to as much as 1 5 or 20% by 
weight and will be selected primarily based on fluid volumes, viscosities, etc., 
preferably for the particular mode of administration selected. 
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Thus, a typical pharmaceutical composition for intramuscular injection could be 
made up to contain I ml sterile buffered water, and about 50 mg of monoclonal 
antibody. A typical composition for intravenous infusion could be made up to contain, 
for example, 250 ml of sterile Ringer's solution, and 150 mg of monoclonal antibody or 
1 0 recombinant binding protein. Actual methods for preparing parenterally administerable 
compositions will be known or apparent to those skilled in the art and are described in 
more detail in, for example* Remington's Pharmaceutical Science, 15th Ed., Mech 
Publishing Company, Easton, Pennsylvania (1980), which is incorporated herein by 
reference. 

15 

The monoclonal antibodies and recombinant binding proteins of this invention 
can be lyophilized for storage and reconstituted in a suitable carrier prior to use. It will 
be appreciated by those skilled in the art that lyophilization and reconstitution can lead 
to varying degrees of antibody activity loss and that use levels may have to be adjusted 
20 to compensate. 

The pharmaceutical compositions of the present invention find use in vim to 
inhibit the CD40/gp39 interaction. Blocking this interaction limits both primary and 
secondary antibody responses to T-cell dependent antigens and antibody production 

2 5 specific for these antigens. Therefore, the monoclonal antibodies, antigen binding 

fragments, and recombinant binding proteins can be used to inhibit the activation of B 
cells, modulating or inhibiting autoimmune disease (i.e., psoriasis, rheumatoid arthritis, 
systemic lupus erythematous, diabetes mellitus, etc.), allergic responses, organ 
rejection or graft-versus-host disease. The compositions can also be used for imaging 

30 tumors which express gp39, when labeled with a detectable marker. When conjugated 
with a therapeutic agent or as a fusion protein with a therapeutic agent, the monoclonal 
antibodies, antigen binding fragment or recombinant binding proteins, can also be used 
to target the therapeutic agent to tumor cells. 

35 The pharmaceutical compositions of the present invention find use in vivo to 

inhibit the CD40/gp39 interaction. Blocking this interaction limits both primary and 
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5 secondary antibody responses to T-cell dependent antigens and antibody production 
specific for these antigens 

This invention is illustrated in the Examples which follow. This Example 
section is provided to aid in understanding the invention but is not intended to, and 
1 0 should not be construed to, limit in any way the invention as set forth in the claims 
which follow. 

EXAMPLE I 

1 5 Generation and Initial Characterization of Monoclonal Antibodies 

Specific for gp39 - Fusion I 

A. Immunization 

20 A six-to-eight-week-old female BALB/c mouse was initially immunized 

intraperitoneally with 30 |ig of a gp39-CD8 fusion protein ( sgp39, Hollenbaugh et al. 
1992, EMBOJ. 77:43 13-4321) in a volume of 100 \A of complete Freund's adjuvant 
Approximately two weeks later, the mouse was similarly injected except the vehicle 
used was incomplete Freund's adjuvant. Three weeks later the mouse received an 

25 intravenous pre-fusion booster injection with 23 tig of sgp39 in a volume of 100 p.t i of 
phosphate buffered saline (PBS). 

B. Fusion 

30 Three days after the pre-fusion booster, the spleen and lymph nodes (axillary, 

popliteal, inguinal, and mesenteric) were harvested These were cut into small pieces 
with a scalpel and then gently pressed between the frosted glass ends of glass 
microscope slides in the presence of incomplete Iscove's medium (lscove's modified 
Dulbecco's medium supplemented with penicillin and streptomycin to a final 

35 concentration of 100 U/ml and 100 ng/ml, respectively) to loosen lymphocytes from 
connective tissue. The suspension was gently pipetted to further loosen cells from 
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each other and then the suspension was passed through a cell strainer (Falcon 2350) to 
remove clumps of connective tissue debris The cell suspension was washed twice by 
centrifugation at 200 g for 10 minutes followed by resuspension of the cell pellet in 
incomplete Iscove's medium. After washing, a viable total leukocyte count was 
determined by trypan blue exclusion. 



10 



The fusion procedure was based on the methods of Lane et al. 1986 (Meihtxls 
EnzymoL 121: 183-192), Myeloma cells (X63-Ag8.653, Kearney et al 1979, ./ 
Immunol 123: 1548- 1550) in log phase growth were washed twice by centrifugation at 
200 g for 5 min. followed by resuspension of the cell pellet in incomplete Iscove's 
1 5 medium. The cells were then combined with the washed leukocytes in a 50 ml plastic 
centrifuge tube at a 1 :4 ratio of myeloma cells to leukocytes and centrifuged at 200 g 
for 10 minutes. Following aspiration of the medium, the tube was gently tapped until 
the cell pellet became resuspended in the remaining small amount of medium. After 
incubation of the tube in a 37°C water bath for 1 min., 1.5 ml of freshly prepared 37°C 
20 polyethylene glycol-dimethyl sulfoxide solution [50% (w/v) Kodak 1450 polyethylene 
glycol, 5% (v/v) dimethyl sulfoxide, and 45% (v/v) phosphate buffered saline 
containing no calcium or magnesium, pH 8.0] was added to the cells over a 45 second 
period with constant swirling of the tube in a 37°C water bath. The fusion mixture 
was then diluted with 50 ml of 37°C complete Iscove's medium ((incomplete Iscove's 
25 medium supplemented with an extra 2 mM L-glutamine and 1 5% (v/v) fetal calf serum 
(FCS)) over a 90 second period as follows: 3 ml over the first 30 seconds, 9 ml over 
the next 30 seconds, and the remainder over the last 30 seconds. The tube was 
incubated at 37°C for 10 minutes after which it was centrifuged at 200 g for 5 minutes, 
the supernatant aspirated, and the cells resuspended in 120 ml of hybridoma medium 
30 [complete Iscove's medium supplemented with hypoxanthine ( I x lO^M final 

concentration), aminopterin (4 x I0* 7 M final concentration), thymidine ( 1 .6 x l()' 7 M 
final concentration), and 10% (v/v) hybridoma cloning factor (Boehringer Mannheim)! 
The cell suspension was plated into six 96-well cell culture plates (200 M l/well) 
resulting in a plating density of 243,000 total cells (pre-fusion) per well. Wells were 
35 fed on days 3 and 5 post fusion by replacement of half the supernatant with fresh 
hybridoma medium and assayed for anti-gp39 specific antibody on day 8. 
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C. Screening 

Supernatants from cell culture wells having growing cells were initially screened 
for reactivity with the sgp39 protein immunogen as follows. Dynatech Immulon 2 EIA 

10 plates were coated with 1 ug/ml (100 ul/well) of antibody 53-6 (rat anti-mouse CDS. 
ATCC TIB 105) in 0.05 M sodium carbonate/sodium bicarbonate buffer, pH 9.6 The 
plates were sealed and incubated overnight at 4°C. All subsequent steps were 
performed at room temperature. Coating agent was removed and wells blocked with 
blocking reagent [(specimen diluent (Genetic Systems Corp.. Seattle, WA) diluted 1:10 

1 5 in deionized water)] for one hour. Blocking reagent was removed and COS cell 
supernatant containing sgp39 protein, diluted 1 :4 in complete lscove's medium 
containing 2% FCS (2% FCS-lscove's) was added ( 100 ul/well) and incubated for one 
hour. Fusion protein was removed and the wells were washed once with 200 ul of 
PBS-Tween (PBS containing 0.05% (v/v) Tween 20) Cell culture supernatant was 

2 0 then added (50 ul/well) and incubated for one hour. The cell culture supernatant was 
removed and the wells washed once with PBS-Tween prior to the addition of 
horseradish peroxidase (HRP) labeled goat anti-mouse IgG (Jackson Immunological 
Laboratories) diluted 1 : 1 00,000 in blocking reagent followed by one hour incubation 
Excess labeled antibody was removed and the wells were washed three times with 

2 5 PBS-Tween. This was followed by the addition of 100 ul/well tetramethylbenzidine 
(Genetic Systems Corp ) diluted 1 : 100 in 0. 1 M citrate buffer, pH 5.5. containing 
0 015% of a 30% H 2 0 2 solution Plates were incubated for 1 5 minutes and the 
reaction stopped by the addition of 3N sulfuric acid (50 ul/well). Optical density was 
measured at 450/630 nm on a Bio-Tek Instruments EL3 1 2 Microplate Reader 

30 

Those cell culture supernatants found to be positive for binding to sgp39 were 
then tested for binding to CD72-CD8 fusion protein (sCD72) to assess for antibodies 
specific for gp39 rather than the murine CD8 portion of the fusion protein. 
Description of the construct ion of the chimeric gene encoding sCD72 and expression 
35 of the fusion protein transiently in COS cells are described in Hollenbai.gh et al., 1992 
(incorporated by reference herein in its entirety) The EL1SA assay for binding to 
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5 sCD72 was identical to that described above for sgp39 except that undiluted COS cell 
supernatant containing sCD72 was used in place of sgp39. 

All supernatants that were reactive with the sgp39 and not with sCD72 were 
then tested for their ability to inhibit the binding of CD40-Ig fusion protein to sgp39. 

1 0 Briefly, Dynatech Immulon 2 E1A plates were coated with antibody 53-6 as described 
above. The wells were blocked and washed as above and COS cell supernatant 
containing sgp39 diluted 1 :4 in 2% FCS-Iscovtfs was added (100 ^l/well) and 
incubated for 1 hour. The sgp39 was removed and the plates were washed with 200 \i\ 
of PBS-Tween. Culture supernatants were then added (50 nl/well) and incubated for I 

1 5 hour, removed and the wells washed once with PBS-Tweeiv Purified CD40-lg fusion 
protein (EP 555880) was then diluted to 2 ng/ml in 2% FCS-lscove's, added to all 
wells (50 nl/well) and the plates incubated for one hour. Excess fusion protein was 
removed and the wells were again washed once with PBS-Tween prior to adding HRP 
labeled goat anti-human lgG (Jackson Immunological Laboratories) diluted 1: 10,000 

20 in blocking reagent (50 nl/well). After a one-hour incubation at room temperature, 

HRP labeled reagent was removed and the plates washed three times with PBS-Tween. 
Disclosure of bound HRP labeled reagent and measurement of resulting optical density 
was as described in ELISA assays described above. 

25 D. Cloning 

A number of wells were found which contained antibody specific for gp39 and 
which inhibited the interaction of gp39 with its ligand CD40 in an ELISA. The cells 
growing in these wells were then cloned and subjected to additional screening criteria 

30 

Cloning was initiated with a M mini-cloning M procedure in which cells from 
designated master wells were first plated at a density of 10 or 20 cells per well in 96- 
well flat-bottom cell culture plates. One or two plates were established for each 
master well in a culture medium of complete Iscoves medium supplemented with 10% 
3 5 (v/v) hybridoma cloning factor (cloning medium) at a volume of 200 Ml/well. Cells 
were cultured for 7 to 8 days at which time supernatants were again tested for gp3 4 ) 
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5 reactivity and ability to inhibit the binding of CD40-lg to gp39-CD8 fusion protein by 
ELISA (described above) From the wells in each miniclone set that satisfied these 
criteria, one well was cloned Cells were removed from the selected well and diluted 
to a concentration in cloning medium that would provide a calculated density of one 
cell for every two wells. The cells were plated in two half-area 96-well cell culture 
1 0 plates (Costar) in a volume of 1 00 or 1 50 nl/well. 



After four or five days of culture, the wells were examined on an inverted 
microscope and those wells containing a single clone were marked. After a further 
three-four days of culture, supernatants from all wells were tested for gp39 reactivity 

1 5 (gp39-CD8 fusion protein ELISA, described above) and ability to inhibit the binding of 
CD40-lg to gp39-CD8 by ELISA (described above) Supernatants from wells that 
were reactive with gp39-CD8, blocked the interaction of CD40-lg with gp39-CD8. 
and came from wells marked as containing single clones were further examined for 
their ability to bind to a Jurkat T cell line that constitutively expressed gp39 on its 

20 surface (BMS-10, R. Mittler, Bristol-Myers Squibb) and to block the binding of 

CD40-Ig fusion protein to these cells. Clones that satisfied the latter two criteria were 
selected for further study 

Binding of antibody to BMS-10 cells was determined by fluorescent cell 

2 5 analysis. Briefly, 250,000 BMS- 1 0 cells were counted, added to each tube, and 

centrifuged at 250 g for 5 minutes. Culture medium was aspirated and 100 [i\ of each 
supernatant containing antibody reactive with gp39-CD8 by ELISA was added to a 
tube. Controls included culture medium only or culture medium containing a negative 
control mouse monoclonal antibody. The mixture was incubated on ice for 30 minutes 
30 and then 2 ml of 2% FCS-lscove's was added. The tubes were centrifuged at 250 g for 
5 minutes and the supernatant was removed. FITC labeled F(ab') 2 goat anti-mouse 
lgG F(ab') 2 (Jackson Immunological Laboratories)) was diluted I 500 in 2% FCS- 
lscove's and 100 m 1 added to each tube. After a 30 minute incubation on ice, cells 
were washed twice with 1 ml of 2% FCS-lscove's and resuspended in 250 mI of 2% 

3 5 FCS-lscove's prior to analysis on a Becton Dickinson FACScan™ 
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5 Assessment of an antibody's ability to block the binding of CD40-lg to BMS-10 

cells used the above procedure except that after washout of unbound anti-gp39 
antibody, CD40-lg, diluted to 20 fig/ml in 10% FCS-lscove's, was added to each tube, 
100 til/tube. After a 30 minute incubation on ice, 2 mis of 2% FCS-lscove's was 
added to each tube, the tubes centrifuged for five minutes at 250 g, and the 
1 0 supernatants aspirated to remove unbound CD40-Ig. Instead of an FITC-labeled anti- 
mouse Ig reagent, an appropriately diluted PE- or FITC-labeled F(ab')2 goat anti- 
human IgG (Jackson Immunological Laboratories) was then added to each tube to 
detect bound CD40-]g. Otherwise, the assay was completed and the cell analyzed as 
described above. 

15 

Following the procedures outlined above, a total of 23 mouse anti-human gp39 
monoclonal antibodies were derived. Each of the monoclonal antibodies was i so typed 
to identify its IgG subclass and their ability to recognize gp39 was further 
characterized. An analysis of epitope specificity differences between the monoclonal 
20 antibodies was also carried out, as was the ability of the antibodies to inhibit T cell 
dependent B cell proliferation and immunoglobulin production. 



EXAMPLE 2 

Generation and Initial Characterization of Rat Monoclonal Antibodies 
2 5 Specific for gp39- Fusion 5 

A. Immunization 

A four-week-old female Lewis rat was immunized with SO fig of a gp39-CD8 
fusion protein (Hollenbaugh et al.) suspended to a total of 400 fa I in Ribi adjuvant (Ribi 

30 Immunochem) as per manufacturer's instructions. Of this volume, 200 |il was 

administered interperitoneally (IP) and the remaining volume was equally split between 
two subcutaneous sites. Three weeks later, this animal was re-immunized IP with 
300 }il of PBS containing 50 \i\ of gp39-CD8 fusion protein. One month later, the rat 
was again immunized IP with 300 \x\ of PBS containing 30 fig of gp39-CD8. Three 

35 and one-half weeks later, this rat received an intravenous (IV) profusion booster 
injection of 30 fig of gp39-CD8 in a volume of 300 M l PBS. 
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5 

B. Fusion and Screening 

Three days later, harvest, preparation, and fusion of the rat spleen and lymph 
node cells to mouse myeloma cells were performed as for fusion 1 described in 
Example 1 with the following modifications. The rat leukocytes were fused with a 
1 0 variant of the X63-Ag8.653 mouse myeloma cell line termed H 10 which had been 

transformed with the G 4U resistance gene. The cell suspensions from each fusion were 
seeded into seven 96-well cell culture plates at a plating density of 236,000 total cells 
(pre-fusion) per well and cultured in hybridoma media supplemented with a final 
concentration of 0.25 mg/ml geneticin. 

15 

Supernatants from cell culture wells in fusion 39-5 were screened for specific 
reactivity with gp39 using the gp39-CD8 and CD72-CD8 fusion protein ELISA as 
described in Example 1 with the following two modifications. Murine anti-murine 
CD8 monoclonal antibody produced from the 116-13.1 hybridoma (ATCC HB 129) at 

20 a concentration of 5 Mg/ml, was used as the capture antibody for the fusion proteins 
instead of the 53-6 antibody and HRP labeled murine anti-rat IgG (Fc specific) 
(Jackson Immunological Laboratories) at a 1:20,000 dilution, was used as a tracer 
antibody to detect bound anti-fusion protein antibody instead of HRP goat anti-mouse 
IgG. Four wells were found to contain antibody specific for gp39-CD8 and not CD72- 

25 CD8 fusion protein. Of these, antibody is only one (39-5.6E9) was found to stain the 
gp39+ cell line BMS-10 when examined by flow cytometry as described earlier. 
Supernatant from this well was subsequently determined to completely block the 
binding of CD40-Ig to gp39-CD8 using the blocking ELISA described earlier and to 
completely inhibit the binding of CD40-lg to BMS-10 cells when assessed by flow 

30 cytometry. A clonal cell line possessing all the above characteristics was obtained 
through the mini-cloning/cloning process described earlier 
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EXAMPLE 3 

Generation and Initial Characterization of Monoclonal Antibodies 

Specific for gp39- Fusion 7 

10 A. Immunization 

A six-to-eight-week-old female BALB/c mouse was initially immunized 
subcutaneously at four sites with a total of 30 fig of a gp39-CD8 fusion protein in 
complete Freund's adjuvant. Approximately two and five weeks later, this mouse was 
1 5 similarly injected with 30 |ig and 25 respectively, of gp39-CD8 except that the 
vehicle for antigen was incomplete Freund's adjuvant. Five months after initial 
immunization, this mouse was injected intraperitoneal ly with 10 |.ig of fusion protein in 
incomplete Freund's adjuvant. Two weeks later, the mouse received an intravenous 
pre-fusion booster injection of 30 jig of gp39-CD8 fusion protein in PBS, 

20 

B. Fusion and Screening 

Three days later, harvest, preparation, and fusion of the mouse spleen and lymph 
node cells to mouse myeloma cells was performed as for fusion 39- 1 except that only 
25 1 ml of polyethylene glycol was used to fuse the cells. The cell suspension resulting 
from this fusion was seeded into 10 96-welI cell culture plates at a plating density of 
183,000 total cells (pre-fusion) per well. Wells were fed on days 3 and 6 post fusion 
by replacement of half the supernatant with fresh hybridoma medium and assayed for 
anti-gp39 specific antibody on day 9. 

30 

Supernatant s were initially screened for anti-gp39 specificity in an EL1SA based 
cell binding assay. Falcon or Costar 96-well flat bottom plates were coated with 
3.5 ng/cm 2 of Cell-Tak (Collaborative Biomedical Products diluted in 0. 1 M sodium 
bicarbonate, pH 8.0. Plates were incubated at room temperature for 30 minutes 
35 Unbound Cell-Tak was aspirated and the wells washed twice with 1 50 ^I/well of glass 
distilled water. BMS- 10 cells were centrifuged and resuspended to a concentration of 
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5 2 x 10 6 cells/ml in serum-free Iscove's medium. Fifty of this cell suspension was 
added to each well and the plates centrifuged for 5 minutes at 250 g. Plates were then 
incubated at room temperature for 30 minutes after which the medium was aspirated 
from the wells using an eight channel manifold (Drummond). Culture supernatants 
were then replica plated onto the assay plates, 50 |.il/well, and the plates incubated for 

1 0 I hour. Supernatants were aspirated and the plates washed once with 1 50 nl/well of 
PBS containing 1% FCS. HRP labeled rat anti-mouse IgG (Zymed) diluted in PBS 
containing 5% FCS was added, 50 pil/well. After a one-hour incubation at room 
temperature, HRP labeled reagent was removed and the plates washed three times with 
PBS containing 1% fetal calf serum Disclosure of bound HRP labeled reagent and the 

1 5 measurement of resulting optical density was as described in other ELISA assays 
detailed above. 

As a secondary screen, supernatants from positive wells in the BMS- 1 0 cell 
ELISA above were assayed for reactivity to sgp39 and sCD72 using the respective 
fusion protein ELISAs described earlier. In this assay, HRP labeled rat anti-mouse 

20 IgG (Zymed) replaced the goat anti-mouse IgG used in earlier described assay 
Confirmation of specific reactivity with gp39 positive BMS- 10 cells was then 
performed using indirect immunofluorescence and FACS analysis as described earlier. 
Supernatants were also tested for their ability to inhibit CD40-lg binding to sgp39 
using the blocking ELISA described earlier. Supernatants were further analyzed as to 

2 5 their isotype using the gp39-CD8 ELISA except for one modification Each 

supernatant was tested in quadruplicate and bound anti-gp39 antibody was then traced 
with four different HRP labeled anti-mouse isotype-specific reagents (Zymed, rat anti- 
mouse IgG I, lgG2a, or lgG2b, #04-6120, 04-6220, and 04-6320, respectively, and 
rabbit anti-mouse IgG3, #61-0420). This overall analysis identified one well that 

30 contained antibody specific for cell surface expressed gp39, blocked the binding of 
CD40-lg to gp39-CD8 and was of the IeG2a isotype Appropriate antibody 
producing cells from wells designated 39-7. 3EI2, 39-7 7.7G4, and 39-7 4CI were 
minicloned and cloned as described earlier. 
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EXAMPLE 4 

Generation and Initial Characterization of Monoclonal Antibodies Specific for gp39< 

Fusion 9 



10 A. Immunization 

A six-to-eight-week-old female BALB/c mouse was initially immunized 
subcutaneously at four sites with a total of 30 pg of gp39-CD8 fusion protein in 
complete Freund's adjuvant. Two, five, 28 and 30.5 weeks later, the animal was 
similarly immunized with 30 pg, 25 pg, 25 pg, and 25 pg, respectively, of gp39-CD8 

1 5 fusion protein in incomplete Freund's adjuvant. Three weeks later, the animal received 
an IV pre-fusion booster injection of 35 pg g39-CD8 in PBS. 

B Fusion and Screening 

Three days later, harvest, preparation, and fusion of the mouse spleen and lymph 
2 0 node cells to X63-Ag8.653 mouse myeloma cells was performed as for fusion 39- 1 

except that the ratio of myeloma cells was performed as for fusion 39- 1 except that the 
ration of myeloma cells to leukocytes was 1 .3 instead of 1 :4. The cell suspension from 
this fusion was plated into 15 96-well culture plates at a density of 187,000 total cells 
(pre-fusion) per well. 

25 

Supernatants from cell culture wells in fusion 39-9 were screened for anti-gp39 
antibody using the BMS- 10 cell binding ELISA described earlier. All positive 
supernatants in this screen were then examined for their ability to block the binding of 
CD40-lg to gp39-CD8 using the previously described blocking ELISA Numerous 

30 wells positive for both criteria were noted. 

In order to identify those wells that contained antibody with a gp39 epitope 
specificity different form that of earlier identified anti-gp39 monoclonal antibodies, 
each of the CD40-Ig blocking, BMS- 10 positive supernatants were screened hy ELISA 
on the series of gp39 mutant proteins described earlier for the epitope analysis of 

35 antibodies from fusion I . This screen identified several wells, including 39-9.27, 39- 
9.68, 39-9.246, and 39-9.274, for which there was not a significant loss of binding to 
any of the mutants examined. 
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5 

In addition,, one well designated 30-9. 1 1 demonstrated significantly reduced 
binding to the K 143/A and especially the N 1 80/ A mutants, a pattern not seen 
previously. It was also shown in this assay that each of these supernatants recognized 
the native sgp39 and not the negative control sCD72 fusion protein. An appropriate 

1 0 antibody secreting clonal cell line for each of these five wells was obtained by limited 
dilution cloning as described earlier. Subsequent flow cytometry analysis of the cloned 
monoclonal antibody from each of the cell lines showed that they all specifically 
reacted with the BMS-10 cell line and all were capable of blocking the interaction of 
CD40-lg with this cell line. Each of these monoclonal antibodies was isotyped as 

1 5 described subsequently and all except for 39-9 36, which was a murine lgC2b. were 
found to be murine IgGl. 

EXAMPLE 5 

Characterization of the anti-gp39 Monoclonal Antibodies 

20 

A. lsotyping 

Each of the murine monoclonal antibodies obtained by the above procedures 
was isotyped to identify its IgG subclass using an Isotype Ab-Stat Kit™ (SangStat 

25 Medical Corporation, Menlo Park, CA) or ISOStrip™ kit (Boehringer Mannheim) as 
per manufacturer's instructions. The isotype of the rat monoclonal antibody obtained 
in fusion 5 (39-5.6E9) was established using the gp39-CD8 fusion protein ELISA 
described above except that horseradish peroxidase labeled monoclonal antibodies 
specific for rat IgG I, IgG2a, lgG2b, and lgG2c (Zymed Laboratories, San Francisco, 

30 CA) at a dilution of 1 : 1 ,000 were individually employed as tracer antibodies. The only 
tracer antibody which bound 39-5 6E9 was the anti-rat lgG2a antibody indicating that 
this monoclonal antibody was an lgG2a. 

The monoclonal antibodies obtained in fusion 7 were analyzed as to their isoiype 
using the sgp39 ELISA except for one modification Each supernatant was tested in 

35 quadruplicate and bound anti-gp39 antibody was then traced with four different HRP 
labeled anti-mouse isotype-specific reagents (Zymed, rat anti-mouse IgG I, IgG 2a, or 

38 



5 



WO 96/23071 PCT/DSW01 1 19 

IgG2b, respectively, and rabbit anti-mouse IgG3). The isotypes of the monoclonal 
antibodies of the present invention are shown in Table 1 



B. Western Blot and Immuneprecipitation 

1 0 Western blot evaluation was performed by two different procedures. In one, 

1.5 ng of purified sgp39 fusion protein in 300 jal of loading dye [250 mM Tris, 0.002% 
(v/v) bromphenol blue, 40% (v/v) glycerol, pH 6.8. 15 »l of 20% SDS, 10 n> of 2- 
mercaptoethanol] was electrophoresed on a 12% SDS-polyacrylamide gel at 150 V for 
I hour. The separated proteins were transferred to nitrocellulose paper with a Bio- 

1 5 Rad mini-blot transfer apparatus according to manufacturer's instructions After 

transfer, the nitrocellulose was allowed to dry at room temperature and then each lane 
was cut from the sheet as wide vertical strips which were placed individually into the 
wells of a Bio-Rad shallow well unit. The strips were incubated in 10 ml of a blocking 
solution of Tris Buffered Saline containing 5% (w/v) non-fat dry milk (TBS-T) for 2 

2 0 hours at room temperature on a flat plane rocker. After incubation, the blocking 
solution was aspirated and the strips were rinsed twice with TBS-T. 

Anti-gp39 monoclonal antibody was diluted to a concentration of about 
12 Mg/ml in TBS-T and 3 ml of antibody solution was added to each strip, one 
25 antibody per strip, for 2 hours at room temperature with rocking. Excess antibody 

solution was aspirated from each well and the strips were washed five times with 1 0 ml 
TBS-T. After washing, 10 ml of a 1 :3,000 dilution of HRP goat anti-mouse Ig (Tago) 
in TBS-T was added to each well. The strips were incubated for two hours at room 
temperature and then washed five times as described above. 

30 

Detection of bound HRP conjugated antibody was performed using ECL 
detection reagents (Amersham) according to manufacturer's instructions. The 
detection solution was aspirated and excess liquid on the strips was removed by 
touching the end of the strips onto a paper towel. The strips were aligned inside a 
35 plastic page protector and the protector sealed. The sealed protector was then 
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5 exposed to autoradiography film for variable time periods ( I second to 1 5 minutes and 
the films subsequently processed. 

In a second procedure, 200 \x\ of spent supernatant from COS cells transfected 
with sgp39 was diluted with 25 |il of loading dye, heated to 100°C for 5 minutes, 

1 0 cooled on ice, and elect rophoresed on a 10% SDS-polyacrylamide gel. Separated 
protein was transferred to a Bio-Rad PVDF™ membrane using a Hoeffer semi-dry 
transfer apparatus according to manufacturer's instructions After the separated 
proteins were transferred to the membranes, the membranes were allowed to dry at 
room temperature and then the procedure as described above was followed to stain the 

15 membranes. 

The anti-gp39 antibodies were also tested for the ability to immunoprecipitate 
gp39 from either transfected COS cells or activated T cells. Briefly, COS cells were 
transfected with a cDNA encoding human gp39 by the DEAE-dextran procedure using 

20 ten 150 mm plates at approximately 70% confluency. The following day, the COS 
cells were trypsinized and replated in eight T-l 50 cm 3 flasks. Media was removed 
after incubating overnight and the cells were washed once with modified Eagle's 
medium without cysteine or methionine (Gibco Select-amine Kit) and 20 ml of fresh 
cysteine/methionine-free media containing 0.02 mCi/ml Tran 35 S label (ICN, Costa 

2 5 Mesa, CA) were then added and the cells were incubated overnight. The following 
day, the media was removed and the cells were rinsed once with PBS and 2 ml of lysis 
buffer (50 mM Tris, 150 mM NaCI, 1% NP-40, 0.25% deoxycholate) containing I nM 
phenylmethyl su I fony I fluoride (PMSF) and 25 Mg/ml aprotinin was added to each flask. 
The flasks were placed on ice for 10 minutes, after which the buffer was removed. 

30 Aliquots were prepared and centrifuged in a microfuge at 4°C at maximum speed for 
two minutes The supernatants were pooled and stored at -70°C prior to 
immunoprecipitation. 

lmmunoprecipitation was carried out by thawing the transfected COS cell 
35 lysates on ice and dividing the total volume into 10 aliquots To eight tubes. 10 *ig of 
an anti-gp39 antibody was added, while one tube received CD40 Ig as a positive 
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5 control and one received no precipitating agent as a negative control. Samples were 
incubated on ice for 4 hours, after which 100 pi of Protein G Sepharose FF ,M 
(Pharmacia) was added to each tube. The tubes were incubated on ice for 1 hour with 
mixing every 10 to IS minutes. Samples were pulse spun in a microfuge and the 
supernatant was discarded. The pellets were washed by resuspension and pelleting 

1 0 three times with cold lysis buffer, then once with cold PBS. Following the last wash, 
30 til of SDS loading buffer containing P-mercaptoethanol was added to each tube. 
Samples were heated at 9S°C for S minutes, pulse spun and the supernatant loaded on 
a 12% SDS-polyacrylamide gel. At the completion of electrophoresis, the gel was 
placed in 10% methanol, 10% acetic acid in water for two hours. The gel was then 

1 5 placed in Amplify™ fluorographic agent (Amersham) containing 10% glycerol for 1 5 
minutes. The gel was dried on Whatman 3M paper under vacuum at S0°C for 45 
minutes and exposed to X-ray film at -70°C for 1 to 7 days. Results of the assay are 
summarized in Table 1 . Positive immunoprecipitations were indicated by the presence 
of a band at the same molecular weight as the CD40-Ig control. 

20 

Radioimmunoprecipitation of gp39 from activated human peripheral blood T 
cells was carried out as follows. Fresh heparinized whole blood was diluted I : I with 
PBS and 40 ml was overlayed onto 10 ml of Lymphocyte Separation Media™ 
(Organon Teknika) as described above. The sample was centrifuged for 30 minutes at 

25 220 g. Isolated lymphocytes were washed with PBS and resuspended in modified 

Eagle's medium lacking cysteine and methionine containing 10% dialyzed fetal bovine 
serum and 0.02 mCi/ml Tran ?3 S Label™ at a final cell density of 3 x 10* cells/ml. 
Cells were activated by the addition of PMA (10 ng/ml) and ionomycin ( 1 |.ig/ml) for 
nine hours, after which the cells were pelleted, the media removed and the cells lysed 

30 with lysis buffer containing PMSF and aprotinin. The cells were incubated with lysis 
buffer for 10 minutes on ice prior to transferring the sample to microfuge tubes and 
centrifuging for 2 minutes at 4°C. The supernatants were pooled and stored at -70°C 
until further processing. The precipitation was carried out as described above for 
transfected COS cells and the results are summarized in Table 1 . 

35 
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TABLE I 
Summary of Anti-Human gp39 mAbs 



1 * I 

1 mAb 


Isotype 


Binding to 

gp39+ 
Jurkat Cells 


llllll DH DinUIIIJJ 1 

ofCD40-lgto 
gp39+ Jurkat 
Tells 


Wt*ctt*rn 

ww vjlWI 1 1 

Blot 
sgp39 


1 Rniiiniiiiniuiic 

Precipitation 




39-1.3 


IgGl 


+ 


+ I 


- 


+ (a) 




39-1.7 


lgG2b 


+ 


+ 1 


- 


+ (a.b) 




39-1.21 


IgGl 


+ 


+ 1 


- 


ND 




39-1.25 


IgGl 


+ 


ND 


- 


ND 




39-1.26 


IgGl 


+ 


+ 1 


• 


+ (a.b) 




39-1.29 


lgG2a 


+ 


+ 1 


+ 


+ (a) 




39-1.37 


IgGl 


+ 


+ 1 


- 


ND 




39-152 


IgGl 


+ 


+ 


,+ 


ND 




39-1.59 


IgGl 1 


+ 


+ 




Nl) 




39-1.61 


IgGl 


+ 


+ 


+ 


+ (b) 


39-1.63 


IgGl 1 


+ 


+ 


- 


ND 


1 39-1.77 


IgGl 


+ 


+ 


1 + 


+ (a.b) 


39-193 


IgGl 


+ 




1 + 


ND 


39-1.106 


IgGl I 


+ 




1 + 


+ (b) 


39-1.109 


IgGl 


+ 




1 + 


ND 


39-1.122 


lgG2b 


+ 


+ 


1 m 


ND 


I 39-1.123 


IgGl I 


+ 


+ 


- 


ND 


39-1.124 


l«GI 1 


+ 


+ 


j + 


ND 


39-1.128 


lgG2b 


+ 


+ 


- 


1 + 1 


39-1 132 


lgG2b 


+ 


+ 


- 


1 + 1 


1 39-1.134 


IgGl 




+ 


1 + 


1 + 1 


39-1. 138 


IgGl 


+ 


+ 


- 


ND 


I 39-1.156 


IgGl 




+ 


1 i- 


ND 


39-7.3EI2 


lgG2a 


+ 




- 


ND 


39-5. 6E9 


lgG2a 




+ 


1 * 


ND 


39-7.7G4 


lgG2a 


+ 


+ 


1 + 


ND 


39-9.27 


IgGl 


+ 


+ 


■t- 


ND 


39-7.4C1 


lgG2b 


+ 


+ 


1 + 


ND 


39-9.68 


lgG2b 


+ 


+ 


1 + 


ND 
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39-9.246 


IgGI 




+ 


+ 


ND 


39-9. 1 1 


IgGI 


+ 


+ 




NO 


39-9.274 


IgGI 


+ 


+ 




ND 



a - radioimmune precipitated from gp39 transfected COS cells 
b - radioimmune precipitated from activated human T cells 
ND - not done 
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5 

C. Examination of Binding of Anti-Human gp39 Monoclonal Antibodies with 
Activated and Non-Activated Normal Human T Cells 

Reactivity of the various anti-human gp39 monoclonal antibodies with activated 

1 0 and non-activated normal human T cells was assessed by indirect immunoflourescence 
followed by FACS analysis. Human blood mononuclear cells (PBMCs) were isolated 
by diluting whole blood 1:1 with PBS, overlaying 25 ml onto 10 ml of Lymphocyte 
Separation Medium (LSM, Organon Teknika) and centrifuging for 25 minutes at 
450 g. Cells at the interface were collected and washed once in PBS T cells were 

1 5 isolated by incubating the PBMCs with 1 50-fold AET-SRBC (sheep red blood cells 
treated with 0. 143 M 2-aminoethylisothiouronium bromide (Sigma)) for 5-10 minutes 
on ice E-rosette positive T cells (E'-T cells) were separated from the remaining cells 
by underlaying with cold LSM and centrifuging at 450 g for 25 minutes. The pellet 
(containing rosetted T cells) was collected and the sheep red blood cells were lysed 

20 with 0.83% ammonium chloride for 5 minutes at room temperature. Resulting T cells 
were washed once in 2% FCS-Iscove's and incubated overnight in 10% FCS-Iscove's 
at 1-3 x 10 6 cells/ml in a humidified 37° C/6% C0 2 incubator. T cells were then 
activated by the addition of 10 ng/ml phorbol 12-myristate H -acetate (PMA) (Sigma) 
and 1 (ig/ml ionomycin (Sigma) and further incubation of the cells for 5-6 hours A 

25 portion of the T cells did not receive PMA and ionomycin but were incubated for a 
further 5-6 hours and are referred to here as non-activated T cells. Indirect 
immunofluorescence and FACS analysis of the anti-human gp39 mAbs on these 
activated and non-activated T cells was performed as described earlier for FACS 
analysis of anti-gp39 antibodies on BMS-10 cells except that FITC labeled goat anti- 

30 mouse IgG (Becton Dickinson) was used as the second step reagent. Additionally, a 
murine anti-human CD69 monoclonal antibody (Becton Dickinson) was used as a 
positive control for activation of the T cells In this manner all the anti-gp39 mAbs 
were examined All were found to stain activated T cells and were further shown to be 
completely unreactive with non-activated T cells. 

35 
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EXAMPLE 6 
Construction of gp39 Mutant Fusion Proteins 

A. Selection of gp39 Residues Targeted for Substitution: 

0 Residues targeted for mutagenesis on gp39 were selected on the basis of a 

previously derived comparative protein model of the gp39 extracellular region (Aruflb 
et al., 1993 Cell 72:291-300), on the basis of structure-based sequence alignments of 
gp39 vs TNF-p and on the basis of the reported crystallographic contacts in the TNF- 
P/TNFR complex structure (Banner et al., 1993 Cell 7.?:43 1-445). Computer graphics 

L 5 analysis of the gp39 model was carried out using Insight II™ (BIOSYM Technologies 
Inc., San Diego, CA) on a Silicon Graphics Indigo™ workstation Sequences were 
initially aligned using the GCG programs (Genetics Computer Group Inc., Madison, 
Wl) and manually modified taking three-dimensional information and constraints of the 
TNF-P (Eck et al., 1992 1 Biol. Chem. 267:21 19-2122) and the TNF-p/TNFR crystal 

1 0 (Banner et al., supra) structures into account. 

B. Construction of gp39 Mutants 

Amino acid substitutions and silent mutations for diagnostic restriction enzyme 
25 cleavage sites were introduced into cDNA fragments encoding the extracellular domain 
of gp39 by using an overlay extension PCR protocol (Ho et al., 1989. Gene 77:5 1- 
59). The fusion genes encoding the mutant soluble gp39 (sgp39) proteins were 
prepared by subcloning the PCR amplified gp39 extracellular domain mutants into a 
mammalian expression vector containing a cDNA fragment encoding the extracellular 
30 domain of murine CD8 (Lyt 2a) (Hollenbaugh et al., 1992. EMBO J. 1 1 43 13-432 1 ). 
The forward and reverse PCR primers used for the gp39 constructs have been 
previously described (Hollenbaugh et al., supra). 
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The PCR primers used for the gp39 mutants are 
El 29/ A 

5' AATCCTCAAAATGCGGCACATGTGATCAGTGCGGCC 
1 0 AGCA GTAAAACAACA 3' SEQ ID. #1. 

S131/A-T135/A 
5' CAAAATGCGGCACATGTGAICAGTGAGGCCGCCAG 
TAAAA C AGC ATCTGTGTTAC AGTGGGCT 3' 
1 5 SEQ ID. #2. 

KI43/A 

5' AGTAAAACAACATCTGTG CTGCAG TGGGCTGAAGCA 
GGAT ACTACACCATGAGC 3' SEQ ID. #3, 

20 

Y145/A 

5' AOTAAAACAACATCTGTG CTGCAG TGGGCTGAAAAA 
GGAG CCTACACCATGAGCAACACT 3' SEQ ID #4, 

25 N180/A 

5' CAAGTCACCTTCTGTTCCGCTCGGGAGGCJTCGAGTC 

AAG CTCCA 3' SEQ ID. #5, and 

F20I/A-E202/A 

30 5* AGCCTCTGCCTAAAGTCCCCCGQGAGAGCCGCGAGA 

ATCT TACTCAGAGCT 3' SEQ ID. #6. 

The corresponding reverse primers are the reverse compliment of the sequences listed 
above. Base changes that encode the alanine are shown in bold type. The diagnostic 
35 restriction sites added or deleted are underlined. 



C. Production and Characterization of Wild-Type and Mutant gp39 Proteins. 

Wild-type and mutant ,gp39 proteins were produced from transiently transfected 
40 COS cells as described elsewhere (Hollenbaugh et al., 1992 supra, Noelle et al., 1992. 
l'roc. Nat'l. Auid Sci. USA M6550-6554) COS cells were transfected using DEAE- 
dextran. Forty-eight hours post transfection, culture supernatant containing soluble 
wild-type gp39 or soluble mutant gp39 were harvested and used in assays for 
monoclonal antibody binding and determination of epiiope specificities on human 
4 5 gp39. 
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D. Enzyme-linked Immunoassay for Monoclonal Antibody Binding to gp39 Muiani 
Proteins. 



Results of Western blot assays indicated that at least two different epitopes on 
human gp39-CD8 fusion protein were being recognized. Monoclonal antibodies 39- 

10 1.29, 39-1.52, 39-1.61, 39-1.77, 39-1.93, 39-1.106, 39-1.109, 39.1.124, 39-1.134, 39- 
1.156, 39-7.7G4, 39-9.274, 39-9.27, 39-7.4C1, 39-9.68 and 39-9.246, were found to 
bind gp39-CD8 on Western Blot while the remaining antibodies did not. In order to 
define further the epitopes recognized by the monoclonal antibodies generated each 
was tested for binding by ELISA to a series of gp39 mutant proteins containing single 

15 or double point mutations which replaced a native amino acid residue with alanine. 

The ELISA assay used was carried out as follows. Immulon 2 El A plates were 
coated with 100 |il/well of a 0.8 jig/ml solution of a monoclonal antibody specific for 
murine Lyt 2 or 2. 1 (53-6 (ATCC TIB 105) or 1 16. 13-1 (ATCC HB 129) for fusion 5) 

20 diluted in 0.05 M sodium carbonate/sodium bicarbonate buffer, pH 9.6. The plates 
were sealed and incubated overnight at 4°C. Following incubation, unbound antibody 
was removed and the plates were blocked for I hour with specimen diluent (Genetic 
Systems Corporation) diluted 1 : 10 in deionized water. After removal of blocking 
agent, 50 (il/well of appropriately diluted (see below) COS cell supernatants containing 

25 wild-type or mutant gp39-CD8 fusion protein or a negative control sCD72 fusion 
protein were added. After a 2 hour incubation at room temperature, fusion proteins 
were removed and the plates washed once with 200 |al/well of PBS-Tween. Culture 
supernatants containing gp39-specific antibodies were appropriately diluted (see 
below) in 10% FCS-lscove's and each was added (50 nl/well) in duplicate to wells 

30 containing each of the gp39 or control fusion proteins. As a control, 50 jil/well of 

biotinytated rat anti-mouse CD8 (see below) was added to each of the different fusion 
protein containing wells in order to confirm that approximately equal amounts of each 
fusion protein was present in all wells. After a two hour incubation at room 
temperature, unbound antibodies were removed and the plates washed once with PBS- 

35 Tween. For antibodies from fusions I, 7 and 9, HRP labeled rat anti-mouse IgG 

(Zymed and HRP labeled streptavidin (Vector Laboratories) were appropriately diluted 
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5 in blocking reagent and 50 |il/well added to wells having previously received anti-gp3<) 
antibody and anti-mouse CDS, respectively For antibodies from fusion 5, HRP 
labeled mouse anti-rat lgG (Jackson Immunological Laboratories) diluted I 40,000 in 
blocking reagent was added. After a one-hour incubation at room temperature, HRP 
labeled reagents were removed and the plates washed three times with PBS-Tween. 
10 Disclosure of bound HRP labeled reagents and the measurement of resulting optical 
density was as described in other EL1SA assays detailed above. 



Two important parameters of the above assay were to demonstrate that similar 
amounts of each of the different fusion proteins were used on (i.e.. bound to) the assay 

1 5 plates and that non-saturating concentrations of anti-gp39 antibodies were used such 
that optical density readings fell within the linear part of the response curve. To 
normalize the amount of fusion protein in all wells, serial dilutions of each fusion 
protein containing COS cell supernatant were evaluated in the assay described above 
and a dilution of each was chosen for final assays which yielded an optical density 

20 value in the linear portion of the response curve (usually between 0.3 and 0.9 

absorbance units) that was within ±10% of that seen on wild-type sgp39 when traced 
with biotinylated rat anti-mouse CDS followed by HRP labeled streptavidin The 
optimal dilution of each of the antibody containing supernatant s to be used in final 
assays was determined by evaluating serial dilutions of each supernatant on wild-type 

25 sgp39 fusion protein in the ELISA described above. Optimal dilution was defined as 
that for which a subsequent two-fold dilution yielded a decrease in resulting optical 
density value. The optimal dilution as well as two serial two-fold dilutions of it were 
evaluated in final assays on each of the fusion proteins as described above 

30 Reactivity of each of the anti-gp39 mAbs on the six mutant sgp39 fusion 

proteins is shown in Table 2. Values depict the binding intensity on each mutant 
relative to that observed on wild-type (expressed as a percent) and represent the 
average of duplicate determinations ± the standard error of the mean (SEM) Only 
data from those assays in which the amounts of the different fusion proteins on the 

35 assay plates were indeed similar (as shown by anti-CD8 tracing) and which were 
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achieved with a non-saturating concentration of anti-gp39 mAb (usually a two-fold 
dilution of the optimal dilution as defined above) are shown. 



Based on an overall similarity of binding profile on each of the gp39 mutants 
combined with Western blot results, the 32 anti-gp39 mAbs have been divided into 12 

1 0 groups. Each group is characterized by a unique binding pattern which suggests thai 
the recognized epitope in each group of antibodies is different. Group I, comprising 
mAbs 39-1.3, 39-1.21, 39-1.25, 39-1.63, 39-1.122, 39-1.123, and 39-1.138, have a 
notable defect in the recognition of mutants E 1 29/A and S 1 3 1 /A-T 1 3 5/A. These 
mAbs also demonstrate a somewhat less profound binding deficiency on mutant 

15 K143/A. Reactivity of these mAbs with mutants YI45/A, N180/A, and F20I/A- 

E202/A is similar to wild-type gp39. Group 2 is represented by a single mAb, 39- 1 .59. 
This antibody is similar to those in group I with regard to strongly reduced binding to 
mutants E 1 29/A, S131/A-T135/A, and KI43/A but differs in that it also showed 
somewhat weaker binding on mutants Y145/A, NI80/A, and F20I/A-E202A. 

2 0 Antibodies in group 3 (39- 1 .37 and 39-1.1 32) and group 4 (39- 1 . 1 24 and 39-1.1 56) 

are quite similar to each other in that they recognized the EI 29/A mutant quite poorly 
and showed a profound binding deficiency on mutant K 143/A. Reactivity of these 
mAbs with the other mutants was either slightly weaker or equivalent to that observed 
with wild-type gp39. Groups 3 and 4 are clearly different from each other, however, 

25 as indicated by the divergent results seen in Western blot analysis where 39- 1 .37 and 
39- 1 . 1 32 are blot negative while 39- 1 . 124 and 39- 1 . 1 56 are blot positive. Antibodies 
in group 5 include 39-1 .7, 39-1. 128, and 39-1.26. They are similar to mAbs in groups 
3 and 4 in that they demonstrated a comparable loss of binding on mutant K 143/A but 
differ as evidenced by better recognition of mutant E129/A. Binding of these 

30 antibodies to mutants S13 1 /A-T 13 5/A, YI45/A, N180/A, and F20I/A-E202/A was 
essentially equivalent to that observed on wild-type gp39. Group 6, comprising mAbs 
39-1.52, 39-1.61, 39-1.77, 39-1.93, 39-1.106, 39-1.109, and 39-1.134, are 
distinguished from the other anti-gp39 mAbs by an almost total lack of reactivity with 
mutant F20 1/A-E202/A. In addition, these antibodies demonstrated a definite 

3 5 although not as significant reduction in reactivity on mutant K 143/A. Reactivity of this 

group of antibodies with the other mutants in the panel was similar to that observed on 
wild-type gp39. Group 7 includes a single antibody, 39- 1 .29. This mAb is very similar 
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to those in group 6 except that it appears to recognize the K 143/A mutant nearly as 
well as wild-type gp39 A single antibody, 39-7.3EI2. represents group 8 This 
antibody is notably different from all the others in that it reacted with all the mutants 
quite well with only a slight loss of reactivity on the K 143/A mutant as compared to 
wild-type gp39. [Add discussion of Groups 9-12.] 



10 



Group 9 includes a single antibody, 39-5.6E9. This antibody shows a similar 
binding avidity to mutant El 29/ A as observed on wild-type gp39 and a somewhat 
reduced binding avidity on mutants S 13 1/A-T 13 5/A, N180/A and F20I/A-E2002M 
than that observed on wild-type gp39 What particularly distinguishes this group from 
1 5 the others is a poor binding avidity when compared to binding avidity to wild-type 

gp39 on mutants K 143/A and Y 145/A. This antibody was also unable to bind to gp39 
on a Western blot 



Group 1 0 as exemplified by antibodies 39-7.7G4, 39-9.27, 39-7.4C 1 , 39-9.68 
20 and 39-9.246 are characterized by their similar or somewhat reduced binding avidity to 
all the mutants when compared to the binding avidity on wild-type gp39 All of the 
antibodies were also able to bind to gp39 on Western blot. 

Groups 1 1 and 12, antibodies 39-9. 1 1 and 39-9.274, are similar in their 
25 reactivity pattern on the mutant gp39 proteins, but differ in their ability to bind gp39 
on Western blot. Antibody 39-9. 1 1 was unable to bind gp39 % while 39-9 274 does 
bind, on Western blot. The reactivity pattern for both antibodies on the mutant gp39 
proteins was characterized as similar to that of wild-type gp39 for El 29/ A, S 13 l/A- 
T135/A, Y 145/A and F20I/A-E202/A. The binding avidity was somewhat reduced on 
30 mutant K 143/A when compared to the binding avidity on wild-type gp39 and poor on 
mutant N 180/ A 



Collectively, the gp39 mutant reactivity data coupled with the Western blot 
results define at least 12 different recognition profiles and thus 12 different epitope 
35 specificities among the 32 anti-human gp39 mAbs As defined above, mAbs in groups 
I, 2, 3, 5, 8, 9 and 1 1 appear to recognize epitopes that are discontinuous or 
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5 conformational in nature while the specificity of those in groups 4, 6, 7, 10 and 1 2 
appear to be specific for continuous or linear sequences of gp39. 
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5 EXAMPLE 7 

Inhibition of T-cell Dependent B-ceil Proliferation 
and Immunoglobulin Production 

Activated T cells can induce resting B cells to proliferate and differentiate into 
0 immunoglobulin secreting cells. Furthermore, cell contact between activated T cells 
and B cells is required for B cells to switch from IgM to IgG, IgA or IgE production. 
As the interaction between CD40 and its ligand is thought to play a critical role in 
these processes, it was anticipated that anti-gp39 monoclonal antibodies would be 
capable of interfering with these forms of T cell -help". 

5 

The inhibitory effects of anti-gp39 monoclonal antibodies on human B cell 
activation and differentiation was evaluated in an /// vitro T cell dependent B cell 
proliferation and immunoglobulin synthesis assay system In this system (Hirohata et 
al. 1988. J. Immunol. M0:3736-3744), activated T cells induce B cell activation, 
0 proliferation, and polyclonal antibody production (IgG, IgM, and IgA) in an MHC- 
unrestricted, Ag non-specific manner. It requires direct contact between B and T cells 
for the observed B cell events to occur and as such is thought to represent a relevant 
in vitro system to study B cell/T cell interactions leading to Ab production. 

5 Briefly, human blood mononuclear cells (PBMCs) were isolated by diluting 

whole blood I : I with PBS, overlaying 25 ml onto 10 ml of Lymphocyte Separation 
Medium (LSM, Organon Teknika) and centrifiiging for 25 minutes at 450 g Cells at 
the interface were collected and washed once in PBS. Isolated cells were diluted to 
5 x 10 6 /ml in 2% FCS-Iscove's containing 0.25 mM L-leucyl-L-leucine methyl ester 
30 hydrobromide (Leu-LeuOMe, Sigma) and incubated at room temperature for 1 5 

minutes to kill monocytes and NK cells (Ohlin et al., 1989. Immunology 66:485-490). 
Treated cells were washed twice with 2% FCS-lscove's prior to separation of T and B 
cells. 

35 T cells were isolated by incubating the Leu-LeuOMe treated cells with 1 50-fold 

AET-SRBC (sheep red blood cells treated with 0. 143 M 2-aminoethylisothiouronium 
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5 bromide (Sigma)) for 5-10 minutes on ice. E-rosette positive T cells (E-T cells) were 
separated from the remaining cells by underlaying with cold LSM and centrifuging at 
450 g for 25 minutes The pellet (containing rosetted T cells) was collected and the 
sheep red blood cells were lysed with 0.83% ammonium chloride for five minutes at 
room temperature. Resulting T cells were washed once in 2% FCS-lscove's. These 

10 cells were subsequently treated with mitomycin C (5 x 10'' E-T cells and 40 pg 

mitomycin C/ml) for 40 minutes at 37°C and then washed three times with 2% FCS- 
Iscove's. B cells were obtained from the interface of the tubes in which E*-T cells 
were isolated from AET-SRBC treated PBMCs by centrifugation over an LSM 
cushion (described above) These cells were washed once in 2% FCS-lscove's and re- 

1 5 rosetted with AET-SRBC as described above to remove any residual T cells and again 
centrifuged over an LSM cushion. Cells at the interface were collected, washed once 
in 2% FCS-lscove's and are referred to here as B cells 

Costar 96 well plates were coated with 50 pl/well of a 2 ng/ml solution of anti- 
20 CD3 monoclonal antibody 64. 1 (Hansen et al., in Leucocyte Typing, Springer -Verlag, 
Inc., pp 195-212 (1984)) in serum free Iscove's medium for a minimum of four hours 
at room temperature. Excess antibody was aspirated from the wells and 100,000 
mitomycin C treated T cells and 2,000 twice rosetted B cells in a total volume of 
150 pi of culture medium (Iscove's modified Dulbecco's medium supplemented with 
25 10% FCS) were added to each well. Supernatants collected from hybridornas 

producing anti-gp39 monoclonal antibody or a negative control monoclonal antibody 
were then added to each of three wells, 100 pl/well. Additional wells received the 
same volume of culture medium only. After six days of culture in a 37°C incubator 
containing 6% C0 2 , each set of triplicate wells was assessed for B cell proliferation 
30 and total human IgG and IgM. 

B cell proliferation was measured by tritiaied thymidine uptake After removal 
of 100 pl/well of culture supernatant for IgG and IgM analysis (see below), 50 pi of 
culture medium containing 1 pCi of fHJthymidine (New England Nuclear) was added 
35 to each well. After a further 1 8 hours of culture at 37°C. the plates were frozen, 

thawed, and cells harvested onto glass fiber filter mats with a TOMTEC full plate cell 
harvester. [*H]thymidine incorporation was measured with an LKB Wallace Beta-IMate 
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liquid scintillation counter. Counts from triplicate wells were averaged and are 
presented in Table 3 as a percentage ± I SD of the values seen with medium only 
control wells. 

Human IgG and IgM were quantitated by coating Immulon 2 EIA plates 
(Dynatech) with 100 pl/well of a I ng/ml solution of goat anti-human Ig (Southern 
Biotechnology Associates) in 0.05 M sodium carbonate/sodium bicarbonate buffer, 
pH 9.6. Plates were sealed and incubated overnight at 4°C. Excess antibody was 
removed and plates blocked as described in earlier EUSA assays. Following blocking, 
all wells received 50 jtl/well of 2XPTB (2X PBS containing 2% bovine serum albumin 
(Intergen) and 1% Tween 20)). Culture supernatants diluted 1:10 (for IgM analysis) 
and 1 :40 (for IgG analysis) in culture medium were added to the wells, 50 n l/well, and 
incubated for one hour at room temperature. These dilutions were arrived at in a 
preliminary experiment using serial dilutions of culture supernatants from medium only 
wells and selecting that dilution(s) that yielded optical density values near the upper 
end of the most linear part of the response curve for IgG and IgM. Supernatants were 
removed, the plates washed twice with PBS-Tween and HRP labeled goat anti-human 
IgG or IgM (Jackson Immunological Laboratories and), appropriately diluted in 
IXPTB (2XPTB diluted 1:1 with PBS), added to respective wells, 100 Ml/well. After 
a one hour incubation at room temperature, HRP labeled reagents were removed and 
the plates washed three times with PBS-Tween. Disclosure of bound HRP labeled 
reagents and the measurement of resulting optical density was as described in other 
ELISA assays detailed above. Optical density values from the triplicate wells were 
averaged and are presented in Table 3 as a percentage ± 1 SD of the values seen with 
medium only control wells. 

As shown in Table 3, each of the anti-gp39 monoclonal antibodies tested was 
capable of significantly inhibiting the T cell driven proliferation of B cells, resulting in 
values that were only 2-4% of that seen in wells that did not receive gp39 specific 
antibody. Concomitantly, the production of IgG and IgM were also significantly 
suppressed. 
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5 The inhibitory eft'ect of the various anti-gp39 monoclonal antibodies on 1* cell 

dependent human B cell immunoglobulin production was further investigated in a more 
quantitative manner using defined concentrations of purified antibody. Antibodies 
were affinity purified from culture supernatants on Protein A Sepharose or 
GammaBind Plus Sepharose columns (Pharmacia) according to manufacturer's 

1 0 instructions and quantitated by optical density absorbance using an extinction 

coefficient of 1 .4. Experiments were set up as described above with the following 
modifications. Half area Costar 96 well plates were utilized and the concentration anti- 
CD3 antibody used to coat the wells was 4 ng/ml. All wells received 150,000 
mitomycin C treated T cells and 20,000 B cells in a total volume of 100 pi of culture 

1 5 medium. Anti-gp39 and negative control antibodies were diluted to 60, 6, and 

0.6 Mg/ml in culture medium and 50 \x\ of each dilution added to each of three wells for 
a final concentration of each antibody in the culture wells of 20, 2 and 0.2 ng/ml. 
Control wells received 50 ^l/well of culture medium only Cells were cultured for a 
total of 10 days in a 37°C/6% C02 incubator at which time supernatants from 

20 triplicate wells were pooled and assessed for total human IgG and IgM. Measurement 
of human IgG and IgM were as described above except that each pooled supernatant 
was assayed in triplicate, the supernatants were diluted in 2% FCS-Iscove's to much 
higher dilutions given the longer period of cell culture (and thus antibody production), 
wells on the assay plates did not receive 2XPTB prior to addition of diluted 

25 supernatants, and HRP reagents were diluted in blocking buffer 
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5 TABLE 3 

Suppression of/// vitro B Cell Proliferation and 
Antibody Production by Anti-Human gp39 mAbs 



I ( Hjthyniidine Incorporation I Ig Produced 

mAb I (% of Medium Control) \ (% of Medium Control) 



1 I lgM 


IgG 


39-1.3 


3.5 ± 0.7 


33.5 ± 15.4 


60.2 ± 3.6 


39-1.7 


3.3 ± 0.5 


13.9 ±9.1 


3 1.8 ±9.6 


39-1.26 


2.1 ±0.1 


10.0 ± 3.7 


24.0 ± 8.3 


39-1.29 


3.9 ± 0.7 


43.4 ± 11.4 


39.X ± 6.4 


39-1 37 


24±02 


20.2 ± 4. 1 


44.X ±10.9 


39-1.61 


3.4 ± 0.6 


10.6 ±4.6 


32.2 ± 15.0 


39-1.77 


2.1 ±0.6 


1 17 ±21 


4 1.9 ±2.1 


39-1.106 


2.9 ±0.3 


17.9 ±4.9 


2K.6 ± 8.3 


39-1.124 


3.5 ± 0.6 


17.0 ±5.7 


36.5 ± 16.9 


39-1.128 


3.1 ±0.5 


21.7 ±9.5 


53.3 ± 6.2 


39-1.132 


3 .3 ±0.4 


13.0 ±4.7 


50. 1 ± 2.0 


39-1.134 


2.3 ± 0.8 


12.5 ±4.1 


33.5 ± 10.2 


39-1.156 


2.7 ±0.1 


12.2 ±4.8 


26.9 ± 5.6 


Neg. Com. 


87.9 ± 7.9 


87.9 ± 13.8 


1I4.9±2X.5 



1 0 Data from these experiments are presented in Table 4. At the highest 

concentration of antibody used, 20 pg/ml, all anti-gp39 antibodies significantly 
inhibited the production of both IgG and lgM. At this concentration, levels of human 
antibody generated were consistently 10-30% of that seen in the presence of medium 
only. As the concentration of anti-gp39 antibody was decreased so to, in general, was 

1 5 the level of inhibition. At the two lowest concentrations of anti-gp39 antibodies 
employed, 2 and 0.2 ng/ml, it was quite apparent that certain anti-gp39 antibodies 
including, in particular, 39-1.7, 39-1.26, 39-1.77, 39-1.106, 39-1.134, 39-7.3EI2, ami 
39-5. 6E9, were much more effective at inhibiting human IgG and lgM production than 
were others. This observation suggests that epitope specificity and/or antibody avidity 

20 is an important parameter in the degree to which monoclonal antibodies directed to 
gp39 can interfere with gp39-CD40 interaction 
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TABLE 4 



Comparative Suppression of /// vitro B cell Antibody Production 
by Anti-Human gp39 Monoclonal Antibodies 



Monoclonal 
Antibody 



39-1.3 



Inhibition of in vitro Antibody Synthesis 
% of Medium Control ± SD* 



IgG 



20 Mg/ml 2 pg/ml 0.2 pg/ml 



9±7 



53 ±16 91 ±7 



20 us/ml 



23 ±3 



JgM 



2 |Ag/ml 



63 ± 17 



0.2 |4g/ml 



94 ± 15 



39-1.122 



I3± 1 



28 ±6 



70 ± 12 



20 ±23 



60 ± IX 



X4±6 



39-1.138 



39-1.59 



21 ±4 



60 ± 14 



90 ± 9 



29 ± 23 



9 1 ± 2^ 



21 ±6 



57 ±10 85 ±22 



34 ± 25 



X2 ± 35 



101 ± 22 



X4 ± 13 



39-1.37 



18±4 



39 ± 23 



74 ± 16 



26 ± 16 



62 ± 14 



91 ± 12 



39-1.132 



II ± I 



25 ±17 66 ±10 



23 ± 24 



60 ± 20 



102 ± 23 



39-1.124 



1 1 ± I 



20 ± X 



54 ± 20 



21 ±2X 



47 ±31 



76 ± 13 



39-1.156 



II ±6 



15 ±13 43 ±22 



I4±6 



2X ± 10 



XI ± X 



39-1.7 



I7± X 



I2±7 



34± 19 



20 ± 6 



27 ± 12 



5X± 15 



39-1.128 



I9± I 



19 ± 3 



55 ± IX 



26 ± 1 I 



46 ± 22 



X5 ± 2 1 



39-1.26 



22 ± IX 



I5±9 



41 ± 14 



26 ± 13 



27±2X 



7X ± 2 



39-1.77 



11 ±6 



I6±5 



3X± 16 



23 ± 39 



2X±24 



6K ± 34 



39-1.106 



8±2 



II ±5 



21 ± 12 



27 ± 23 



22 ±21 



41 ± 14 



39-1.134 



I0±4 



I5±5 



28 ±7 



23 ± 13 



27 ± 26 



65 ± 32 



39-1.29 



39-7.3E12 



10 ± I 



I3± 



49 ± 23 



23 ± 16 



37 ± II 



9± I 



12±4 



37 ± 16 



II ±2 



1X± 16 



Xf> ± M 



72 ± 10 



39-5.6E9 



I6±4 



ll±5 



20±I5 



27±4 



I4±I2 



39-7.7G4 



I2±l 



I0±6 



57±I0 



I9±: 



27±25 



X0±I4 



39-9.11 



30±6 



3I±I7 



72±I6 



75±35 



74±23 



105±40 



39-9.274 



X±l 



I4±6 



XI±I7 



7±X 



3X±M 



77±X 



39-9.27 



I3±4 



I9±ll 



79±2X 



2X±I4 



4I±2X 



IOX±23 



39-7.4CI 



39-9.6X 



I3±4 



3I±7 



74± 1 



22±X 



49±27 



29±X 



64±I5 



9I±I7 



50± 1 7 



XX±21 



X7±4 



114x17 



39-9.246 



12±7 



21±6 



7I±I6 



29±l(> 



43±2*> 



w±ro 



1 0 * Average ± SD of three independent experiments except for data compiled ai 20 ng/ml 
antibodv concentration for which there were only two experiments 
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5 EXAMPLE 8 

Detection of Mutant gp39 in an X-Linked Hyper IgM Patient 

Monoclonal antibodies with different binding characteristics with mutant human 
gp39 were used to determine whether point mutations in gp39 could be recognized in a 

1 0 blood sample taken from an X-linked-hyper IgM patient. In this assay, patients whose 
cells showed positive staining with the gp39 specific monoclonal antibodies, but no 
staining with CEMOIg, the normal ligand, would be known to express gp39 protein that 
is nonfunctional and could be diagnosed as X-HIM. Using a panel of monoclonal 
antibodies, with known differences in epitopes, provides for a greater number of 

15 differing mutations which can be detected in an X-HIM sample. Using this assay, it is 
not totally possible to exclude Common Variable Immunodeficiency as a diagnosis, but 
it is expected that a significant percentage of X-HIM patients can be detected by this 
approach. A subset of HIM patients, those whose gp39 defect results in a lack of 
internal expression due, for example, to a mutation to a stop codon early in the gp39 

20 coding sequence, also could not be confirmed by this approach. 

Briefly, T cells are isolated from a sample of peripheral blood lymphocytes from 
a patient by Ficoll gradient centrifugation followed by rosetting using sheep 
erythrocytes. Staining of fixed, permeabilized cells was performed using the methods 
2 5 of Jung et al. (./. Immunol Methods 159: 197-207 (1993) with modifications as 
described. 

Isolated T cells were stimulated with PMA (10 ng/ml) and ionomycin ( I Mg/ml) 
in the presence of monensin at 3 mM for three hours. The stimulated cells were then 
30 washed with PBS and fixed by incubation in 4% paraformaldehyde in Hank's balanced 
salt solution for 10 minutes at 4°C The fixed cells were washed once with PBS. then 
permeabilized and blocked by incubation in blocking buffer (0 1% saponin, 10% goat 
serum in PBS) for 10 minutes at room temperature. 

35 Cells were pelleted and resuspended in 0 1% saponin, 2% fetal bovine serum in 

PBS and aliquots were prepared for staining at an approximate density of I x I0 7 
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5 cells/ml. Monoclonal antibodies were added to a final concentration of 10 ng/ml and 
the cells were incubated at room temperature for 30 minutes prior to washing twice 
with blocking buffer and resuspension in blocking buffer containing FITC-conjuyated 
goat anti-mouse Fc. After an additional 20 minute incubation at room temperature, the 
cells were washed twice with 2% FBS in PBS and analyzed by flow cytometry. 

10 

As a control and to test the feasibility of detecting gp39 in the interior of a cell 
normal T cells were isolated and treated as above except prior to fixation the cells 
were treated for 5 minutes with trypsin to remove surface expressed gp39. The cells 
were then fixed and stained as above. A comparison of staining of non-activated with 
1 5 activated T cells allows for the demonstration of specific staining within normal T cells. 

In Table 5 is provided a summary of staining obtained with T cells isolated from 
an X-H1M patient with anti-gp39 monoclonal antibodies 

20 TABLE 5 

Summary of Staining of T Cells Obtained 
from X-H1M Patient with anti-gp39 mAb 



1 Antibody 


CD' | NC : 


Western 


Isotypc | 


39-1.3 




+ * 




Gl 


39-1.122 




+ 




G2h 


39.1.138 




+ 




Gl 


39.1.124 




+ 


+ 


Gl 


39-1.7 


* 


+ 


* 


G2I> 


39-1.26 




+ 




G2b 


39-1.106 


+ 




+ 


Gl 


39-1.134 


+ 


+ 


+ 


Gl 



1 X-HiM patient CD (Aruflfo et al 1993. Cell 72:291 ) 



25 2 Normal control 
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5 EXAMPLE 9 

Biological Activity of Anti-jjp39 Monoclonal Antibodies 

in Cynomolgus Monkeys 

10 In this example, two murine monoclonal antibodies binding different epitopes of 

human gp39 were examined for testing their ability to bind to activated T cells, block 
the binding of human CD40-Ig to activated T cells, and to inhibit T cell-dependent 
immunoglobulin production using peripheral blood lymphocytes isolated from the • 
cynomolgus monkeys Macacca fascieularis and Macaccti nemesirina. The results 

1 5 using PBL from these non-human primates were similar to those obtained using human 
PBL, supporting the use of the macaque as an appropriate animal model. 

To test for the ability of the antibodies to bind to macaque T cells, Macacca 
nemesirina and Macacca fascieularis peripheral blood mononuclear cells (PBMC) 
20 were isolated by diluting whole blood 1:1 in PBS and overlaying 25 ml onto 10 ml of 
95% Lymphocyte Separation Medium (Organon Teknika)/5 0 /o PBS and centrifuging 
for 25 minutes at 450 g Cells at the interface were collected and washed once in PBS. 
T cells were isolated by incubating the PBMCs on ice with 1 50x AET-SRBC (sheep 
red blood cells treated with 0.143 M 2-aminoethyl- isothiouronium bromide 

2 5 hydrobromide (Sigma) for 5 to 1 0 minutes. E-rosette positive T cells were separated 

by underlaying with cold LSM and centrifuging at 450 g for 25 minutes. SRBC in the 
pellet were lysed with 0.83% ammonium chloride for 5 minutes at room temperature. 
Resulting T cells were washed and incubated overnight in 10% FCS-lscove's medium 
at 1 to 3 x I0 6 cells/ml in a humidified incubator at 37°C 6% C0 2 T cells were then 
30 stimulated with PMA (Sigma) and ionomycin (Sigma) at 10 ng/ml and I ng/ml 

respectively in 10% FCS-lscove's for 5 to 6 hours in a humidified incubator at 37°C 
2.5 x 10 5 activated T cells per 1 1x75 mm tube were centrifuged at 250 g for 5 minutes 
and culture medium aspirated. 

3 5 Supernatants (100 collected from the growing hybridomas containing 

antibodies 106 or 7 or a negative control antibody were then added to each tube and 
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5 incubated on ice for 30 minutes. Two milliliters of 2% FCS-lscove's medium was 
added to each tube and the tubes were centrifuged at 250 g for 5 minutes before the 
supernatant was aspirated. F1TC -labeled rat anti-mouse lgG polyclonal antisera 
(Zymed) diluted 1:50 in 2% FCS-lscove's medium was added to each tube at 
100 pi/tube and incubated on ice for 30 minutes. Cells in each tube were washed twice 

1 0 with 1 ml of 2% FCS-lscove's medium. Cells were then stained with a phycoerythrin- 
mouse anti-human CD4 monoclonal antibody, washed, and finally suspended in 
250 til/tube of 2% FCS-lscove's medium prior to analysis on a Becton Dickinson 
FACScan. As can be seen in Figure I monoclonal antibodies 7 (39- 1.7) and 106 (39- 
1 . 106) were both capable of recognizing activated human (Figures I A and I B) and 

1 5 macaque (Figures I C and I D) CD4* T cells. 

Monoclonal antibodies 7 and 106 were also tested for their ability to block the 
binding of a CD40-lg fusion protein to activated macaque cells. T cells were isolated 
and activated as described above. Following activation, 2.5 x I0 5 T cells were added 

20 to 1 1x75mm tubes and centrifuged at 250 g for 5 minutes The culture medium was 
removed by aspiration and 100 pi of supernatant containing anti-gp39 monoclonal 
antibodies 7 or 106. medium only, or negative control antibody were then added to 
each tube for a 30- minute incubation on ice. Supernatants were then diluted with 2 ml 
of 2% FCS-lscove's medium, the tubes centrifuged at 250 g for 5 minutes and the 

25 supernatant removed by aspiration. CD40-Ig diluted to 20 ng/ml in 10% FCS-lscove's 
medium was then added to each tube, 100 n l/tube, and incubated for 30 minutes on 
ice. Two ml of 2% FCS-lscove's medium was added to each tube, and the tubes were 
centrifuged at 250 g for 5 minutes. The supernatants were removed to aspiration and 
phycoerythrin or fluorescein labeled F(ab') goat anti-human lgG(Fc) (Jackson 

30 Laboratories) was diluted 1:5,000 or 1:500 respectively in 10% FCS-lscove's medium 
and added to the cells. After a 30 minute incubation on ice, the cells were washed 
twice with I ml each of 2% FCS-lscove's medium and finally suspended in 250 \x\ of 
2% FCS-lscove's medium per tube prior to analysis on a Becton Dickinson FACScan. 
The data is plotted in Figure 2 and demonstrates that both murine anti-gp39 

3 5 monoclonal antibodies 7 and 1 06 were capable of inhibiting the binding of human 

CD40-lg to activated human (Figures 2A and 2B) and macaque (Figures 2C and 2D) T 
cells. 
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10 



To test the ability of monoclonal antibodies 7 and 106 to block the ability of B 
cells to produce antibodies after contact with activated T cells, peripheral blood 
mononuclear cell (PBMC) were isolated from Macacca fascia ilaris monkeys as 
described above. 



The T cell fraction was treated with mitomycin C (5 x 10 T cells and 40 ng 
mitomycin C (Sigma) per ml) for 40 minutes followed by three washes with 10% FCS- 
lscove's medium. The B cell fraction (the interface layer from LSM centrifugation) 
was re-rosetted with AET-SRBC to remove any residual T cells. 96-well half area 

1 5 plates (Costar) were coated with 50 \l\ of a 4 pl/ml solution of anti-CD3 antibody (FN- 
18, Clark, E. A, et al., 1987. Eur. J. Immunol. 17:1799-1805) in serum free Iscove's 
medium for a minimum of four hours at room temperature. Excess antibody was 
aspirated from the wells and 1,5 x 10 5 mitomycin C treated T cells and 5x10' twice 
rosetted B cells in 10% FCS-lscove's medium were added. Purified anti-gp39 and 

2 0 control antibodies were diluted in 10% FCS-lscove's medium to a final concentration, 
in culture, of 10, 1 , 0.4 and 0.1 jig/ml and added to the wells. After 10 days, culture 
supernatant from triplicate wells were pooled, diluted, and assessed for total macaque 
lgG and IgM. 



2 5 Macaque lgG and IgM were quantitated as described for human lgG and IgM 

except that supernatants were diluted 1:640 and 1 :40 for lgG and IgM analysis, 
respectively. The results of the assay, when a concentration of 0.4 ng/ml is used are 
seen in Figure 3 and are expressed as the percent of total lgG and IgM compared to 
cultures treated with culture medium only in the absence of antibody. Antibodies Exa 
30 and 1VA7 are isotype matched controls for monoclonal antibodies 106 and 7 

respectively. Above, both monoclonal antibodies 7 and 106 were capable of inhibiting 
T cell dependent lgG and IgM antibody production by macaque B cells in a manner 
very similar to that seen with human cells. These data suggest that the cynomolgous 
monkeys would be a suitable non-human animal model to evaluate the hi vivo activity 

3 5 of the anti-human gp39 monoclonal antibodies. 
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5 EXAMPLE 10 

Ability of Murine Anti-Human gp39 Monoclonal Antibodies 
to Suppress T Cell Dependent Antibody Response In Cynomolgus Monkeys 

In this example, three gp39-binding proteins, murine monoclonal antibodies 7 
10 and 106 and a human recombinant CD40-Ig fusion protein, were evaluated for their 
ability to suppress the primary T cell dependent antibody response to antigens 
following intravenous administration to the cynomolgus monkey Mucaccu fascicularis 
At the unoptimized dose level tested, monoclonal antibody 1 06 suppressed the 
humoral response, demonstrating the efficacy of anti-gp39 administration to suppress a 
15 T cell dependent humoral response in primates. 

Four groups consisting of one male and three female macaques were treated 
with 4 mg/kg of monoclonal antibodies 7 or 106, or a control antibody 1GI (specific 
for Pseudomofius aeruginosa protein F) or CD40-Ig on days 1, 3, 5, 8, 10 and 12 

20 (course 1), and on days 50, 52, 54, 57, 59, and 61 (course 2). In addition, each animal 
was immunized intravenously on day I (primary immunization) and day 50 (secondary 
immunization) with 1.7 ml/kg of a 10% mixture of sheep red blood cells, a T cell 
dependent antigen. Following the elimination of all gp39-binding proteins from the 
sera of the animals to below detectable levels, each animal was re-immunized with 

25 sheep red blood cells and co-immunized with 10 mg/animal of the neoantigen keyhole 
limpet hemocyanin (KLH) 

Serum was collected weekly and anti-sheep red blood cell antibody and anti- 
KLH antibodies (IgG and IgM) were assessed by ELIS A Antibody titers to sheep red 

30 blood cells were assayed by coating Immulon 1 plates with SRBC membranes at a 
concentration of 5jig/ml in PBS and incubating 12 to 18 hours at 4°C The excess 
solution was removed and the plates were washed with PBS-Tween. After washing 
the plates were blocked with PBS-Tween for I hour at room temperature. Serum 
samples were diluted serially in PBS-Tween and 60 \x\ was transferred to each well of 

35 the antigen coated plate. The diluted serum samples were incubated with the antigen 
for 1 5 hours and the excess sample was removed prior to washing the plates with 
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5 PBS-Tween. Goat anti-human F(ab*)2 fragment IgG or IgM (Jackson Laboratories) 
diluted 1: 10,000 100 \il were added to the appropriate wells ami incubated for I hour 
at room temperature. After incubation the wells were washed with PBS-Tween and 
tetramethyl benzidine (Genetic Systems Corporation) diluted 1 : 1 00 in substrate buffer 
(Genetic Systems Corporation) was added. Substrate was allowed to incubate for 1 5 
10 minutes at room temperature prior to the addition of 1 N H 2 SOj to stop the reaction. 
Absorbance values were recorded at 450 nm/630 nm using a microliter plate reader. 

Antibody titers to KLH were determined in a similar assay as above. Briefly, 
Immulon II plated were coated with KLH (Pacific BioMarine Labs) at 10 nl/ml in 0.05 

15 M carbonate/bicarbonate buffer, pH 9.6 for 1 2 to 18 hours at 4°C. The plates were 
washed with PBS-Tween and the plates were blocked with Specimen Diluent (Genetic 
Systems Corporation) diluted 1: 100 with distilled water for 1 hour at room 
temperature. Serum samples were serially diluted four fold in Specimen Diluent 
starting at 1/50. Sixty |il/well of each sample dilution was transferred to the antigen 

2 0 coated plates and incubated for 1 hour at room temperature. The remainder of the 
assay was carried out as described above, except goat anti-human F(ab > h fragment 
IgG and IgM were diluted 1 : 5,000. 



In Figures 4 A and 4B data is presented which demonstrates that at the 
25 unoptimized dose tested, monoclonal antibody 106 was capable of suppressing /// vivo 
the ability of a macaque to mount a primary response to the sheep red blood cells. The 
suppression was not complete, but was approximately 10 to 15 fold more than that 
observed for the other anti-gp39 blocking proteins tested. Following the secondary 
immunization none of the proteins showed clear evidence of suppression, although 
30 anti-SRBC titers in the 106 treated group were significantly lower than in the other 
treatment groups. Monkeys in all of the groups received 10 mg KLH intramuscularly 
as a primary immunization on day 106 to investigate the ability of the monkeys to 
respond to a new antigen. Figure 5 shows that all groups of monkeys were able to 
mount a strong response to KLH, demonstrating that the treatment with anti-gp39 
35 binding proteins was not nonspecifically immunosuppressive. 
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5 In another study, anti-human gp39 monoclonal antibody 106 was administered 

to cynomolgus monkeys at 20 mg/kg on days 1, 3 and 5 An anti-tumor associated 
murine monoclonal antibody, L6 ATCC HB 8677, was used as a negative control All 
animals were immunized intravenously on day 1 with a sheep red blood cell suspension 
(1.7 ml/kg of a 10% suspension) just prior to administration of the test compound. 
1 0 Blood samples were taken prior to administration of the sheep red blood cells or 

murine monoclonal antibodies and on days 8, 15, 22, 29, 36 and 43. Serum samples 
were tested for lgG and IgM antibody titers to sheep red blood cells 

The data from this experiment as seen in Tables 6 and 7, demonstrate that 
1 5 murine anti-human gp39 monoclonal antibody 1 06 significantly reduced the ability of 
the monkeys to mount a T cell dependent immune response to the sheep red blood 
cells. These data confirm the results of the experiments carried out in mice with 
antibody 106 specific for murine gp39 and the in vitro studies with monkeys and 
human peripheral blood lymphocytes with murine anti-human gp39 monoclonal 
2 0 antibody. 
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lgG Anti-Sheep Red Blood Cell Response 



10 






224 


Male 


90 


90 


90 


30 


90 


90 


90 


Group 1 


225 


Female 


10 


<I0 


<I0 


<IO 


<I0 


XIO 


2430 


mAb 106 














<lo 




90 




226 


Female 


10 


10 


<10 


<I0 


90 








227 


Male 


10 


271) 


810 


810 


810 


8|0 


270 


Group 2 


228 


Male 


30 


270 


2430 


810 


810 


810 


810 


niAbLG 














2430 


810 


810 




229 


Female 


30 


2430 


7290 


2430 




230 


Female 


ND 


ND 


ND 


ND 


ND 


ND 


ND 



dilution which is greater than two times above the plate background mean 
2. ND. not done 
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5 TABLE 7 

IgM Anti-Sheep Red Blood Cell Response 





Animal 


Sex 


Pre- 
dose 


Dav8 

* 


Day 15 


Day 22 


Day 29 


Day 
36 


Day 
43 




223 


Male 


90' 


810 


270 


90 


30 


30 


30 


Group 1 


224 


Male 


30 


810 


810 


270 


270 


90 


90 


mAb 106 






















225 


Female 


30 


270 


90 


90 


90 


2430 


2430 




226 


Female 


90 


270 


270 


270 


XIO 


2430 


2430 








227 


Male 


270 


810 


2430 


XIO 


XIO 


XIO 


XIO 


Group 2 


22X 


Male 


30 


21870 


21X70 


7290 


7290 


2430 


2430 


mAb L6 






















229 


Female 


90 


7290 


7290 


2430 


2430 


2430 


XIO 




230 


Female 


90 


2430 


2430 


2430 


XIO 


Xlo 


XIO 



1. Antibody titers, the endpoint titer reported is defined as the reciprocal of the 
dilution which is greater than two times above the plate background mean. 



10 

EXAMPLE 1 1 

Construction of Recombinant anti-gp39 
Single-Chain Variable Regions 

15 

In this example, the nucleotide sequences of the heavy chain variable region 
(VH) and the light chain variable region (VL) of two ami-human gp39 monoclonal 
antibodies [39-1 .7 (7) and 39-1. 106 (106)] are determined and isolated. The DNA 
fragments encoding the VH and VL of each monoclonal antibody were then assembled 
2 0 into a continuous expression cassette using an intervening sequence encoding a 
(Gly 4 Ser).; linker The cassettes were expressed in mammalian cells and functional 
activity of the recombinant single chain antibody (sFv) molecules were determined 

A. Isolation of RNA. cDNA Synthesis and PCR Amplification 

25 

RNA was isolated from 5 x 10 7 clone 106 or clone 7 hybridoma cells using an 
mRNA isolation kit (Stratagene, LaJolla, CA). cDNA was generated from the RNA 

6X 
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5 using the StrataScript RT-PCR kit (Stratagene, LaJolla, CA) and immunoglobulin 

constant region specific antisense primers. The C K -specific primer was complementary 
to nucleotide sequence 228 to 257 of the murine kappa light chain constant region. 
This primer was used for first strand synthesis of both the clone 106 and clone 7 VL 
cDNAs. An IgG r specific antisense primer or an IgGa-specific antisense primer were 
1 0 used to generate clone 106 and clone 7 VH cDNAs, respectively. The IgGi-specific 
antisense primer was complementary to nucleotides 100 to 121 of the murine lgG, 
CHI region and the IgG2b-specific antisense primer was complementary to nucleotides 
101 to 123 of the murine lgGa* CHI region. First strand reactions were set up using 
300 ng of antisense primer and 0.5 jig mRNA. 

15 

The cDNAs were purified using Geneclean™ (BiolOl, LaJolla, CA) and 
subsequently polyG-tailed with 10 mM dGTP and terminal deoxynucleotidyl 
transferase (Stratagene) for I hour at 37°C. Poly G-tailed cDNAs were purified again 
using GeneClean™. Two \\1 of each cDNA were amplified by anchor-PCR (Saiki et 
20 al., 1988. Science 239:487-491) in a total volume of 100 jil using 20 j.iMol of each 
dNTP, 100 pM of sense and antisense primers and 2U Taq polymerase. The sense 
primer contained a region complementary to the polyG tail (Loh et al. 1989. Science 
243:21 7-220) and a Xbal site (underlined). 

2 5 5-CGTCGAICIAfiAGCATGTGCAAGTCCGATGAGTCCCCC 

CCCCCCCCC-3' Seq. I D No. 7 

The antisense primers were nested primers containing a Hindi! I site (underlined) and 

annealed to either nucleotides 101-125 of murine Ck 

3 0 V-CGTCAT AAGCTT CAGGAAGCACACGACTGAGGCAC-T 

Seq. I D No 8 

or to nucleotides 47-69 of murine lgG| CH I 

5'-CGTCAT AAGCTT GTCACCATGGAGTTAGTTTG-3 l 
35 Seq. I D. No. 9 

or to nucleotides 38-62 of murine lgG 2 b CHI 

6*> 
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5 

5-CGTCATMG£IIGAACCAGTTGTATCTCCACACCCAG-.r 

Seq. I D. No. 10 

Reactions were carried out in a Perkin-Elmer Cetus thermal cycler (Norwalk, CT) with 
10 a 33 cycle program of 30 sec. denaturation at 94°C. 90 sec. annealing at 45°C and 90 
sec. extension at 72°C. 

PCR-amplified VL and VH fragments were digested with Xbal and Hindi II ^ 
ligated into the pUC 1 9 vector and transformed in DH5a /%. co/i. Clones containing 

15 VL or VH were identified by DN A sequencing. Consensus sequences for clone 1 06 
(Figure 6A and Figure 6B) or clone 7 (Figure 7A and Figure 7B) were determined by 
analyzing the sequence of multiple VL or VH clones and alignment of the deduced 
amino acid sequences with previously published murine VL and VH sequences (Kabal 
et al. 1987. U.S. Department of Health and Human Services). The nucleotide and 

20 deduced amino acid sequence for clone 106 VL and VH are depicted in Figure 6A and 
Figure 6B (Seq. I.D. Nos. 1 1 through 14) and the nucleotide and deduced amino acid 
sequence for 7 VL and VH are depicted in Figure 7A and Figure 7B (Seq. I.D. No. 1 5 
through 18) 

25 B. Construction of Clone 7 and Clone 106 sFv Expression Cassettes 

Single chain sFv were constructed in the VL-VH orientation for both 7 and 1 06, 
each cassette containing an intervening (Gly 4 Ser).; linker (Huston et al. 1988. hoc. 
Nat'IAcad. Sci. USA #5:5879-5883) To create the 106 VL-VH cassette, the clone 

30 106 VL gene was reamplified from the pUCI9 sequencing construct using a sense 
PCR primer ( 106 yl Sail) that encoded a Sail site immediately prior to sequence 
encoding the first residue of the mature VL. The antisense primer ( 10(> ylvlLK.V) was 
complementary to sequence encoding the last nine residues of the VL and the first 12 
residues of the (Gly 4 Ser) ? linker. Additionally, the 106 VH was reamplified from the 

3 5 pUC 1 9 sequencing construct using a sense primer ( 1 06 ylvliLKS*) that encoded the last 
1 1 residues of the (Gly4Ser)> linker followed by the first nine residues of the mature 
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5 VH and an antisense primer ( !06vhBclI) complementary to sequence encoding the lasi 
nine residues of the VH region and a Bell site. The modified VL and VH PCR 
products were then purified using Geneclean™ (Biol 01, LaJolla, CA) and were added 
to a single PCR reaction in the presence of excess sense VL ( 1 06 ylSall) and antisense 
VH (106vhBclI) primers so that DNA encoding the individual 106 VH and VL 
1 0 domains were linked into a single coding region by overlap extension PCR. 

Similarly, to create the 7 VL-VH sFv cassette, the 7 VL gene was reamplified 
from the pUC19 sequencing construct using a sense PCR primer (7 y2bSall) that 
encoded a Sail site immediately prior to sequence encoding the first residue of the 

1 5 mature 7 VL; and an antisense primer (7 y2bv 1 LK3') complementary to sequence 
encoding the last nine residues of the VL and the first 12 residues of the (GlyaSer).^ 
linker. DNA encoding 7 VH was reamplified from the pUC 19 sequencing construct 
with a sense primer (7 y2bvhLK5') encoding the last 1 1 residues of the (Gly 4 Ser) ? 
linker followed by the first nine residues of the mature VH and an antisense primer (7 

20 y2bvhBclI) complementary to the sequence encoding the last nine amino acid residues 
of the VH region and a Bell site. DNA encoding 7 VH and VL were linked into a 
single coding region by overlap extension PCR using excess VL sense (7 y2bSall) and 
VH antisense (7 y2bvhBclI) PCR primers. 
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5 

TABLE 8 



Primers Used to Construct Clone 7 and Clone 6 sFv Expression Cassettes 



Primer 


Sequence (5* to 3')' 






7 y2bSalI 


ATCGTCTAGGTCGACATTGTGCTGACACAGTrrrrTr.TTTrr 

SEQ ID. #19 


7 y2bVlLK3' 


GCCACCCGACCCACCACCGCCCGAGCCACCGCCACCCCGTCTT 
ATTTCCAACTTTGTCCC. SEQ ID. #20 


7 y2bVhLK5' 


TCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAGGTCCAG 
CTGCAACAGTCTGG ACCT. SEQ ID. #21 


7 y2bBcll 


TCAGTGCTGATCAGAGGAGACTGTGAGAGTGGTGCCTTGGCC. 

SEQ ID. #22 


l06ylSall 


ATCGTCTAGGTCG ACATCC AG ATG ACTC AfiTCTrC A.GCCTCC 

SEQ ID. #23 


106 ylVILK3' 


GCCACCCGACCCACCACCGCCAGCGCCACCGCCACCCCGTTTC 
AGCTCCAGCTTGGTCCC. SEQ ID. #24 


!06ylVhLK5' 


TCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAAGTGAAG 
CTGGTGGAGTCTGGGGGA. SEQ ID #25 


106 ylBclI 


TCAGTGCTGATCAGAGGAGACGGTGACTGAGGTTCCTTGACC. 

SEQ ID. #26 



1 0 1 Restriction sites underlined 

The 106 and 7 VL-link-VH sFv gene cassettes were assembled for sFv-lg 
expression in a variant of pUC19 called pUC-lg that has been passed through a dam ' 
strain of £. coli (NEB 208) to allow restriction enzyme cutting at the Ball site. This 

1 5 vector contained the L6 Vk leader sequence inserted as a HinUM~SaiI fragment and a 
Bell site preceding sequence encoding the hinge-CH 2 -CH; of human IgG t as cDNA, 
followed by a stop codon and an Xhal site. The cysteine residues in the hinge region 
were mutated to serines to favor the production of monomel ic sFvlg (Hayden et al 
1994. Ttwra/K'Mit Immunol. /;3-I5). The 106 and 7 VL-link-VH sFv gene cassettes 

20 were cut with Sail and Bell and were ligated into pUC-lg. DHfkx E. colt were 
transformed with the constructs and colonies were screened for inserts 



The entire L6V k leader/VL-link-VH sFv/hunian Ig cassettes for both the 106 
and 7 sFv were cut from pUC-lg using HbiJIII and Xhal and were transferred to the 
25 pCDM8 mammalian expression vector. Following ligation of 7 and 106 sFv 

expression cassettes into the modified pCDM8 vector, the plasmids were amplified in 
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5 MCI 06 l/p3 £. coli cells and DNA was recovered and purified for transfection into 

s 

COS cells. 



C COS Cell Transfection, Purification, and Characterization of sFv-Ig Fusion 
Proteins 

10 

COS cells were transfected with expression plasmids as previously described 
(Linsley et al. 1991. J. Exp. Med 77*721-730; Aruffo and Seed, 1987. Prvc\ Nail 
Acad ScL USA W:8573-8577). Plasmid DNA was added to transfection media at 
I ng/ml in a total volume of 12 ml/ 150 mm plate. After 7 to 10 days spent culture 
1 5 supernatant was pooled and cellular debris was removed by low-speed centrifugation. 

106 and 7 sFv-lg were purified by applying clarified supernatant to a column of 
immobilized protein A (Repligen Corp., Cambridge, MA) equilibrated with 0.05 M 
sodium citrate, pH 8.0 (Linsley et al. 1991. .A Exp. Med. /7.?:72l-730). For 500 ml of 

20 supernatant, 1 ml of packed bed volume of protein A was used. After loading the 
column ( 1 ml/minute), the column was washed with 1 00 mM potassium phosphate, 
pH 8.0, and bound protein was eluted with 0.05 M sodium citrate, pH 3.0. Fractions 
were neutralized, pooled and dialyzed against PBS. Protein concentration was 
determined using a commercially available protein assay kit (Bio-Rad, Richmond, CA) 

25 based on the Lowry technique. 

Expression levels and molecular size of the fusion proteins were determined by 
immunoprecipitation with protein A and SDS-PAGE, followed by Western blotting. 
Polyacrylamide gels forming a linear 6- 1 5% gradient with a 4% stacker were run 

30 overnight at 10 mAmp Gels were immunoblotted onto nitrocellulose membranes 
using a Western semi-dry transfer apparatus (Ellard Instruments, Seattle, W A) at 
3 m Amp/cm 2 for 1 hour. Blots were blocked with 2% nonfat milk plus 0. 1% Tween in 
PBS (blocking buffer) for 1 to 2 hours and then incubated with alkaline phosphatase 
conjugated goat anti-human IgG (Boehringer-Mannheim, Indianapolis, IN) at a ! : 1500 

35 dilution in blocking buffer for 1 hour. Blots were then washed three times with 
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blocking buffer and were developed in Western blue (Promega, Madison. WI) for 5-15 
min. before stopping color development by rinsing with distilled water. 



The 7 sFv-Ig and 106 sFv-Ig proteins were tested for binding to human gp39 by 
an ELISA assay. Briefly, flat bottom flexible 96-well microtiter plates (Falcon) were 

10 coated overnight with rat anti-mouse Lyt2a monoclonal antibody 53-6 at 2 nu/ml in 
PBS at 4°C After removing excess anti-mouse Lyt2a antibody, sgp39 as described 
earlier was added to the plates (100 pi per well) and incubated overnight at 4°C. 
Excess sgp39 was removed by washing, and clone 7 sFv-lg or clone 106 sFv-lg 
proteins (100 |il per well) were added. Plates were incubated for 2 hours at room 

1 5 temperature and washed twice with PBS containing 0 1% BSA. Goat anti-human lgG 
conjugated to horseradish peroxidase (American Qualex, Anaheim, C A) in conjugate 
buffer (Genetics Systems, Seattle, WA) was added (100 \xl per well) and incubated for 
1 hour at room temperature. Unbound conjugate was removed by two washes with 
PBS containing 0. 1% BSA and 100 nl per well of a 1 : 100 dilution of EIA Buffered 

2 0 Substrate (Genetic Systems) was added to the wells. The color reaction was stopped 
with 30 \i\ per well of 3M H2SO4 and the optical density was measured at 450-595 nm 
with a Titertek multiwell plate reader. 

Transfection supernatants from several clone 106 sFv-Ig and clone 7 sFv-Ig 
25 clones bound well to human gp39, and reacted very weakly (106) or not at all (7) on 
murine gp39. Representative results of 106 and 7 sFv-lg binding are shown in 
Figure 8. Binding affinity determinations for the 106 sFv-lg versus native 106 
monoclonal antibody using purified radiolabeled protein were carried out. Saturation 
binding curves, shown in Figure 9, showed that labeled native 106 monoclonal 
30 antibody (Figure 9A) bound to Jurkat cells constitutively expressing gp39 with 

approximately three-fold greater affinity than 106 sFv-lg (Figure 9B). However, the 
affinity of the 106 sFv-lg was still quite high (measured Kd= 1 .6 x 10* 9 ). It was 
determined that native 106 monoclonal antibody bound to 10,000 sites per cell by 
Scatchard transformation which is complete agreement with the number of sites per 
35 cell bound by 106 sFv-lg (Figures 9 A and 9B). 
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5 The ability of the 7 sFv-lg and 106 sFv-lg to inhibit the production of IgG and 

lgM in an in vitro T cell dependent B cell antibody production system and comparison 
of this efFect with that seen for the parental 39-1.7 and 39-1.1 06 antibodies was 
assessed as described earlier for the parental antibodies with a few minor 
modifications. Cell cultures were initiated with 100,000 mitomycin C treated T cells 

0 and 2,000 B cells in Costar half area plates. Purified parental antibodies and their 
respective purified sFv-Igs were quantitated using a Bio-Rad Protein Assay kit. Each 
parental antibody was tested at final concentrations of 1 , 0.5, 0.25 and 0. 1 25 ng/ml. 
Each sFv-lg was evaluated at final concentrations of 0.68, 0.34, 0.17, and 
0.085 ^g/ml. Although the concentration of parental antibody and its respective sFv- 

5 Ig in terms of Mg/ml were different, the concentration of each with respect to the 
number of antigen binding fragments was equivalent when overall valency (two per 
parental antibody, one for its sFv-lg) and molecular weight (160,000 kD for parental 
antibody, 55,000 kD for sFv-lg) were taken into account. Thus, the final 
concentrations of antigen binding fragments (binding sites) compared in this 
20 experiment were 7.53, 3.76, 1 .88, and 0.94 x 10 ,J binding sites/ml. 

Following addition of the antibodies and sFv-lgs, the plates were cultured in a 
humidified 37°C/6% C0 2 incubator for 10 days after which culture supernatants from 
triplicate wells were pooled and assessed for total human IgG and lgM as described 

2 5 earlier. Data are presented in Table 9 where Ig levels are expressed as a percentage of 
that observed with medium only (no anti-gp39 antibody) controls. As shown in 
Table 9, both the 7 sFv-lg and 106 sFv-lg were capable of substantially suppressing 
the production of both IgG and lgM by human B cells. Interestingly, their ability to 
suppress was at least equivalent and at some concentrations, even better, than that 

30 observed for the parental antibodies. 
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TABLE 9 

Suppression of in vitro Antibody Production by Whole Anti-Human 
gp39 Monoclonal Antibodies and their sFv-lg Derivatives 



Ab Cone, 
(binding 
sites xlO 12 ) 


Inhibition of IgG Synthesis 
% of Medium Only Control 


Inhibition oMgM Synthesis 
% of Medium Only Control 




7 


7 sFv-lg 


106 


106 
sFvlg 


7 


7 sFv-lg 


106 106 
sFv-lj» 


7.53 


12 


18 


11 


14 


14 


21 


25 12 


3.76 


17 


19 


24 


12 


24 


19 


19 12 


1.88 


11 


24 


26 


10 


29 


34 


27 12 


0.94 


60 


12 


37 


21 


64 


32 


34 |<; 



10 

EXAMPLE 12 
Humanization of Anti-gp39 Monoclonal Antibody 

15 A. Determination of Human Templates for 106 VL and VH 

The murine 106 VL (kappa) and VH sequences were used to search a subset of 
immunoglobulin sequences from GenBank for murine germline nucleotide sequences 
with the closest homology to 106 VL with a FASTA search using only nucleotides 

20 encoding the mature peptide. This search produced two murine sequences followed by 
many human sequences, the best match being designated "Musigkva" (Accession 
No. J00545). The homology between the translated 106 VL and the translated J00545 
(germline of 106) is shown in Figure 10. Only the differences are printed for the 
germline sequence. These differences are probable sites of somatic mutation. 

25 However, it is possible that 106 VL is derived from an as yet unidentified murine 
germline gene. 

The human germline amino acid sequence with closest homology io 106 VL was 
determined by performing a FASTA search on a data base of immunoglobulin protein 
30 sequences. This data set contained both germline and rearranged sequences. After 
discarding the rearranged sequences, the best homology match was found with 
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5 germline sequences designated "02" (Accession No. X593 12) and "012" (Accession 
No. X593 1 5). It was noted that all but one (Leu90) of the structural determinants for 
the CDR loops were conserved, as was the size of the CDR loops between murine 106 
VL and the human template. It was also noted that all of the CDR loops in the light 
chains of the murine sequence and human template belong to the same canonical 
1 0 structure class. 



The murine nucleotide sequence with the closest homology to 1 06 VH was also 
determined by performing a FASTA search of the subset of GenBank immunoglobulin 
sequences using only nucleotides encoding the mature peptide as the query sequence. 

1 5 The search resulted in locating two murine sequences followed by many human 

sequences. The murine sequences designated "Musighin" (Accession No. M2I520) 
showed significantly better homology than the other murine sequence. The GenBank 
annotation for M21 520 lists it as a rearranged sequence. For the purpose of finding 
probable sites of somatic mutation, M21 520 was used as a germline substitute and 

20 differences between it and 106 VH are shown in the bottom set of lines in Figure 1 1 . 

The human germline amino acid sequence with the closest homology to 106 VH 
was determined by performing a FASTA search on the immunoglobulin sequence data 
subset. After discarding the rearranged sequences, the best match was found with the 

2 5 H Hhg4" germline sequence (Accession No. X621 29). It was noted that the size of the 

CDR loops was preserved between 106 VH and the human template and that all but 
two of the structural determinants for the CDR loops were conserved. None of the 
other highly homologous sequences gave a better fit in the structural determinants. 
The HI loops of the murine sequence and the human template were also found to 

3 0 belong to the same canonical structure class 



B. Refinement of 106 VL and VH Humanization Templates. 



The canonical loop structures for the antigen binding loops LI , L2 and L3 of the 
35 VL domain and HI and H2 of the VH domain were identified, and residues that were 
defined as structural determinants (Chothia and Lesk, 1987. ./. MoL HinL /96-WH; 
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5 Lesk and Tramontane in Antibody Engineering, W.H. Freeman and Co., pp 1-38 
(1992)) were retained as murine residues. 

The murine 106 VL and VH amino acid sequences were used to search the 
Brookhaven databank for homologous sequences in which the crystal structure had 

1 0 been solved. The VL from the anti-lysozyme binding monoclonal antibody D I 3 was 
selected as a structural template for modeling of the 106 VL. The VH from the ami- 
peptide monoclonal antibody 17/9 was chosen as a structural template for modeling of 
the 106 VH. These structures were combined to provide a composite template for 106 
modeling using the set of invariant residues at the VL-VH interface. From the model, 

1 5 three additional framework residues which appeared to be important for maintaining 
the structure of the antigen binding sites were identified In the VL. Ile48 was found 
to be structurally important and was retained as murine sequence. In the VH, two 
residues (Ala49 and Ile77) were also retained as murine sequence. The 106 model was 
not determinative of whether a human or murine residue was appropriate at positions 

20 24, 55 and 56 of 106 VH. 

C. Determination of the J-region Templates 

The best human Jk sequence was selected by homology to the murine Jk 
25 sequence in Rabat et al. (Sequences of Proteins of Immunological Interest, 4th Edition. 
U.S. Health and Human Services, Washington, D C. ( 1 987)). Similarly, the best 
human JH sequence was selected by homology to the murine JH sequence in Rabat ei 
al., supra. 

30 D. Humanization of the 106 VL 

The oligonucleotide primers used to humanize the 106 VL are listed in Table 8. 
The first three changes (Ala at position 9 to Ser, Glu at position 17 to Asp, and Thr at 
position 1 8 to Arg) were encoded on the Hu !06VLAre2 sense PCR primer A Hindi 1 1 
35 site was added immediately 5' of the sequence encoding the mature VL for cloning the 
final humanized VL into pUCI9. The next four changes were encoded in the 
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5 Hul06VLB2 antisense PGR primer (Gin at position 40 to Pro, Arg at position 42 to 
Lys, Ser at position 43 to Ala, and Gin at position 45 to Lys). Using Hu l06VLAre2 
and Hul06VLB2 with murine 106 sFv-Ig/CDM8 as template, the first humanized 
fragment was obtained by PCR. The sense PCR primer Hu 106VLC and the antisense 
PCR primer 2Hul06VLD were used to humanize the second fragment. The sequence 

10 of Hu 1 06VLC overlapped Hul 06VLB2 such that the same four changes were encoded 
on Hul06VLC (Gin at position 40 to Pro, Arg at position 42 to Lys, Ser at position 43 
to Ala, and Gin at position 45 to Lys). In addition, an Spel site was engineered into 
Hul06VLC as a diagnostic site. This change did not alter the protein sequence The 
2Hul06VLD primer encoded the next four changes (Gin at position 70 to Asp, Ser at 

1 5 position 72 to Thr, Lys at position 74 to Thr, and Asn at position 76 to Ser). Using 
Hul06VLC and 2Hul06VLD with murine 106 sFv-lg/CDM8 as template, the second 
humanized fragment was obtained by PCR. 
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10 



15 



Hul06VLAre2 

96-mcr 

sense 

Hul06VLB2 

45-mer 

antisense 

Hul06VLC 

60-mer 

antisense 



TABLE 10 

Primers Used for 106 VL Humanization 
Hindi II 

5-ATCGTCTAGAAGCTTGTCGACATCCAGATGACTCAGTCTCCAT 
CATCCCTATCTGCATCTGTGGGAGATCGAGTCACCATCACATGT 
CGAGCAAGT - 3\ SEQ ID. #33 

S-TAGTAGCTTAGGTGCCTTTCCAGGTTTCTGCTGATACCAAGCT 
AA-3\ SEQ ID #34 



Spel 

5 -CCTGGAAAGGCACCTAAGCTACTAQICTATAATGCAAAACCTT 
AGCAAAAACCTTAGCA - 3\ SEQ ID #35 



2 0 2Hu I06VLD 5-GAGATCGTCAGTGTAAAGTCTGTGCCTG ATCCACTGCCACTGA 
45-mer AC - 3'. SEQ ID #36 

antisense 



Hul06VLE 
2 5 75-mer 
sense 



S'-GACTTTACACTGACGATCTCAAGCCTGCAGCCTGAAGATTTTG 
CAACTTATTACTGTCAACATCATTATAATACT - 3\ 

SEQ ID #37 



HuI06VLF 
30 82-mer 
anti-sense 



Hul06VLA2 
35 24-mer 
sense 

HuI06VLF2 
24-mer 
4 0 anti-sense 



45 



50 



Xbai 

5- TCAGTGCTTCTAGAGCCACCCCGTTTGATCTCGACCTTGGTC 
CCTCC ACCG AACGTG AGCGG AGTATTATA ATG ATG TTGAC-3 * 

SEQ ID. #3X 



5-ATCGTCTAGAAGCTTGTCGACATC - 3\ 



SEQ ID #39 



5 -TCAGTGCTTCTAGAGCCACCCCGT - 3'. 



SEQ ID. #40 



The final humanized VL fragment was obtained using the Hu I06VLE sense 
PCR primer and Hul06VLF antisense PCR primer with murine 106 sFv-lg/CDM8 as 
template. Hul06VLE partially overlapped 2Hul06VLD such that it encoded the same 
four changes (Gin at position 70 to Asp. Ser at position 72 to Thr, Lys at position 74 
to Thr, and Asn at position 76 to Ser). Additionally, Hul06VLE encoded two 
additional changes (Gly at position 84 to Ala and Ser at position 85 to Thr). 
HuI06VLF encoded the last four changes (Thr at position 100 to Gly, Leu at position 
104 to Val, and Leu at position 106 to lie) Hul06VLF also encoded an Xbai site 
immediately 3* of the VL sequence for cloning purposes Humanized fragments 2 and 
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5 3 were then assembled and amplified by PCR by mixing the two humanized DNAs 
together in the presence of Hul06VLC sense primer and HulOGVLF antisense primer. 
This piece was purified, mixed with humanized fragment I and reamplified by PCR in 
the presence of the sense primer Hu 106VLA2 and the antisense primer Hu 106VLF2 
such that a single PCR fragment was obtained. The amplified humanized 106 VL was 
1 0 then cut with Hindlll and Xbal and ligated into pUC 1 9. £. coii (strain DH5ot) were 
transformed as usual and plasmid DNA from individual clones was sequenced to verify 
proper fragment assembly of the humanized 106 VL. One individual clone was 
designated hu 106 VL clone 10 and was used in the later constructions. 

15 E . Hu manizat ion of the 1 06 VH 

Since the murine 1 06 model was not determinative of whether a human or 
murine residue was appropriate at positions 24, 55 and 56 of the humanized VH chain, 
an attempt was made to produce all 23 versions. The humanized VH genes were 

2 0 assembled in three steps. In the first step, PCR fragments encoding either of 2 versions 
(corresponding to Ala or Thr at amino acid position 24) of the amino acid sequence 
from position 1 to position 51 were generated and inserted into the HindiW Xbal sites 
of pUC19. These PCR products included the introduction of a unique Nhe\ site (at 
nucleotide position 146), followed by EcoRl, Pstl and Xbal sites for the later insertion 

25 of other fragments. These changes did not affect the protein sequences of 1 06 VH. In 
the second step, oligonucleotides encoding any of four different versions 
(corresponding to Asp-Ser, Asp-Tyr, Ser-Ser, and Ser-Tyr at amino acid residue 
positions 55 and 56) of amino acids residues 49 through 80 were annealed and inserted 
into the Nhel and Pstl sites of both of the vectors generated in step I . Seven of the 

30 possible eight different vectors were isolated (the Ala-Asp-Ser form was not). In the 
third step a single PCR product encoding amino acid residues 80 through 1 12, which 
contained the nucleotide sequence encoding the remaining residues for humanized 106 
VH(Figure 12), was generated and inserted into the l } si\ and Xbal sites of the seven 
vectors produced in step 2. 

35 
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TABLE 1 1 
Primers Used for 106 VH Humanization 



PCT/US96/01119 



10 



l06vhT-5 
106-mer 
sense 



Hiudlil 

5 -ATCGTCTAGAAGCITGAAGTGCAGCTGGTGGAGTCTGGAGG 
ACKjCTTAGTGAAGCCTGGAGGGTCCCTGAGGCTCTCCTGTGCA 
A CCTCTGG ATTCACTTTCAATA - 3' SEQ ID. #4 1 



15 



20 



106VHA-5 

106-mer 

sense 



l06vhNEP-3' 

87-mer 

anti-sense 



Hindlll 

5'- A TrOTCTAr , AAGCTT G AAGTGC AGCTGGTGG AGTCTGG AGG 
AGGCTTAGTGAAGCCTGGAGGGTCCCTGAGGCTCTCCTGTGCA 
CCCTCTGGATTCACTTTCAATA - 3' SEQ ID. #42 

Xbal Pstl EcoRI Nhel 

5 '-TC AGTGC TCT AG A ACC CTGC A G ATC G A ATTC A ATGCT AGCG 
ACCCACTCCAGTCCCTTACCTGGTGCCTGGCGAACCCAAGACA 
TGG - 3' SEQ ID! #43 



25 



lOovhSYo 1 

97-mer 

sense 



Nhel 

5'- CTAGCATTAGTAGTGGTi4G77/4CATCTACTATGCTGACAGT 
GTGAAAGGCCGATTCACCAT£TCGAGAGATAATGCCAAAAA 
rATCCTGTATC TGCA - 3" Xhol SEQ ID. #44 

Pstl 



30 106vhSY-3' 
89-mer 
anti-sense 



Xhol 

5'- GATACAGGATGTTTTTGGCATTATCTCTQGAGATGGTGAAT 
CGGCCTTTCACACTGTCAGCATAGTAGATC7yl4C7"ACCACTAC 
TAATG - 3' SEQ ID. #45 



35 106vhDY-5' 
97-mer 
sense 



Nhel 

.V- CTAG CATTAGTAGTGGTffX 77/lCATCTACTATGCTG ACAGT 
GTGAAAGGCCGATTCACCAT£T£QAQAGATAATGCCAAAAA 
CATCCTGTATCTG£A - 3' Xhol SEQ I D. #46 

Pstl 



40 



!06vhDY-3' 

X9-mer 

anti-sense 



Xhol 

5'- GATACAGGATGTTTTTGGCATTATCTCTCGAGATGGTGAAT 
CGGCCTTTCACACTGTCAGCATAGTAGAT67^/17rACCACT 
ACTAATG - 3" SEQ ID #47 



45 



50 



l06vhSS-5* 

97-mer 

sense 



l06vhSS-3' 

X9-mer 

anti-sense 



Nhel 

5 '- CTAG CATTAGTAGTGGT/1 GTA < it ATCTACTATGCTG AC AGT 
GTGAAAGGCCGATTCACCATCJTCQAGAGATAATGCCAAAAA 
rATCCTGTATC TGCA - 3'. Xhol SEQ ID #4K 

Pstl 

Xhol 

5'- GATACAGGATGTTTTTGGCATTATCTCTCGAGATGGTGAAT 
CGGCCTTTCACACTGTCAGCATAGTAGAT6'C7V4CTACCACT 
ACTAATG - 3' SEQ ID. #4« 
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Nhel 

!06vhDS-5' 5'- ££AQCATTAGTAGTGGT6V1?/4C»C'ATCTACTATGCTGACAGT 
97. mer GTGAAAGGCCGATTCACCATCICGAGAGATAATGCCAAAAA 
sense CATCCTGTATCTG.CA - 3' Xhol SEQ ID. #50 

10 PsU 

Xhol 

I06vhDS-3' 5"- GATACAGGATGTrTTTGGCATTATCTCTCGAGATGGTGAAT 
89-mer CGGCCTTTCACACTGTCAGCATAGTAGAT(iC7'/l rt'ACCACT 

1 5 anti-sense ACTAATG-3' SEQ ID. #5 1 

PstI 

106vhPst5' 5'- ATCGTCTAG£ieCAGATGAACAGTCTGAGGGCAGAGGACAC 
78-mer GGCCGTCTATTACTGTGCAAGGCACTATGATTACGAC - 3' 

20 sense SEQ ID. #52 

Xbal Bell 

I06vhXba3' 5'- TrAGTG CTCTAGATGATCAG AGCAGACGGTGACCAGGGTTC 
69-mer CTTGACCCCAGTAGTCCATAGCATAGCT- 3' SEQ ID. #53 

2 5 anti-sense 

In greater detail, construction of the two vectors was initiated by generating two 
PCR fragments using I06sFv-lg/CDM8 as template and either l06vhT-5 l or l06vhA-5' 
as the sense primer and 106vhNEP~3* as the antisense primer. The sense primers 

3 0 encoded a Hindi II site immediately 5* of the VH and the first three humanized VH 

changes (Lys at position 3 to Gin, Lys at position 19 to Arg, and Thr at position 23 to 
Ala). In addition, the I06vh£-5' sense primer humanized the residue at position 24 to 
Ala whereas the 106vhT-5' sense primer kept the residue as murine (Thr). The 
antisense primer encoded changes at residues 40, 42 and 44 (Thr to Ala, GIu to Gly 

3 5 and Arg to Gly, respectively) and also encoded four unique restriction sites (Nhe/ m 

EcoRJ y PstI, and Xbal). The two PCR'ed DNAs were then cloned into pUC 1 9 as 
HhuMI-Xbal fragments and were used to transform DH5a E. colL Clones containing 
both inserts were isolated (106vhA-NEP and 106vhT-NEP) and verified by DNA 
sequencing. The plasmids were then digested with NhcL Exolil and Psil and linear 

4 0 DNA was isolated and purified. 

The sense oligonucleotide in each of the four pairs of oligonucleotides that 
encoded the changes at positions 55 and 56 were phosphorylated and annealed to the 
corresponding antisense oligonucleotide. This generated dsDNA fragments that had a 
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5 5' Nhel overhang and a 3* Pstl overhang, and that contained a unique Xhol site The 
primer pair l06vhDS-5* and 106vhDS-3' encoded murine residues at positions 55 and 
56 (Asp- Ser); 106vhDY-5* and !06vhDY-3' encoded murine and human residues at 
positions 55 and 56, respectively (Asp-Tyr); 106vhSS-5' and l06vhSS-3' encoded 
human and mouse residues at positions 55 and 56, respectively (Ser-Ser); and 

1 0 106vhSY-5' and 106vhSY-3* encoded human residues at positions 55 and 56 (Ser- 
Tyr) All of the primer pairs also encoded four additional changes from murine to 
human sequence (Thr to He at position 57, Pro to Ala at position 60, Arg to Lys at 
position 64 and Arg to Lys at position 75). The four fragments that were generated 
were then ligated into 106vhA-NEP/pUC19 and !06vhT-NEP/pUC 19 previously 

15 digested with restriction enzymes. The plasmids were used to transform DH5a II coli 
and DNA from clones that cut with Xhol were isolated and verified by DN A 
sequencing. Of the eight combinations, seven were obtained ( l06vhA-DS, 
representing human, mouse, mouse sequence at positions 24, 55 and 56, was never 
isolated from pUC 19) The seven plasmids were digested with Pstl and Xhol and were 

20 now ready to receive the final fragment. Three of the clones were selected for later 
use and were designated as follows: Vh ASY 24- 1 7 (hhh); Vh TDS 1 5-34 (mmm), 
and VH ADY 7-8 (hmh). 

The remaining residues that were changed to human sequence were encoded on 
25 sense primer l06vhPst5' (Ser to Asn at position 82a, Ser to Ala at position 84, and 
Met to Val at position 89) and ami sense primer l06vhPst3' (Ser to Leu at position 
108). For cloning purposes, primer l06vhPst5* also encoded a Pstl site and 
106vhPst3* encoded an Xbal site with a Bell site immediately preceding it. This 
fragment was obtained by PCR using I06sFv-lg/CDMS as template The fragment 
30 was digested with Pstl and Xbal and was ligated into the seven plasmids. Once again, 
the plasmids were used to transform DH5a E. coli and DNA from clones was 
sequenced to verify insertion. 

F. Assembly of Humanized 1 06 sFv Gene Cassettes 

35 
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5 The humanized single chain Fv expression cassettes for 106 were assembled as 

for the original murine 106 sFv but using the following primers: 



X5 
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TABLE 12 

Primers Used for Construction of 
Humanized 106 sFv Gene Cassettes 

1 0 Sail 

hu 1 06V L Sall 5'- ATCGTCTAGQICfiACATCC AG ATG ACTC AGTCTCCA 

45-mer TCATCC-3' SEQ ID. #54 

sense 

15 hu 1 06V L LK3* 5 - GCCACCCGACCCACCACCGCCAGCGCCACCGCC ACC 

60-mer CCGTTTGATCTCGACCTTGGTCCC - 3' SEQ ID. #55 

anti-sense 

hu 106V H LK5' 5' -TCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAA 

2 0 60-mer GTGCAGCTGGTGGAGTCTGG AGG A - 3' SEQ ID. #56 

sense 

Bell 

hu 106V h Bc1I 5'- TCAGTGCTGATCAGAGGAGACGGTGACCAGGGTTCC 

2 5 45-mer TTGACC - 3' SEQ ID. #57 

anti-sense 

Briefly, DNA encoding the humanized 106 VL was cut from the pUC19 vector 
in which it was assembled. DNA encoding the seven humanized 106 VH were also cut 

30 from pUC19. The DNA fragments were purified and used in the following PCR 

reactions. The humanized 106 VL was amplified using the hul06V|.Sall sense PCR 
primer that encoded a Sail site immediately prior to the first residue of the mature VL 
and an antisense primer (hul06V L LK3') that was complementary to sequence encoding 
the last nine residues of the VL and the first 12 residues of the (GlyaSer);* linker. 

35 Additionally, the seven humanized 106 VH were amplified using a sense primer 

(hul06V H LK5') encoding the last 1 1 residues of the (Gly 4 Ser)3 linker followed by the 
first nine residues of the mature VH and an antisense primer (hu 1 06VnBcII) 
complementary to sequence encoding the last nine residues of the VH region and a 
Bell site. The modified 106 VL was mixed with each of the modified 106 VH DNA in 

4 0 the presence of excess VL sense primer (hu 1 06Vj,Sall 5') and VH antisense primer 
(hul06V H Bcll) so that the individual humanized 106 VL was linked with each of the 
individual humanized 106 VH into seven VL-link-VH single coding regions by overlap 
extension PCR. 
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5 The humanized 106 VL-link-VH sFv gene cassettes were then assembled for 

sFv-lg expression in the pUC-lg vector. This vector contains the L6 Vk leader 
sequence followed by a Sail site and a Bell site preceding sequence encoding the 
hinge-CH2-CH3 of human IgGl and a stop codon flanked by an Xhal site. The hinge 
cysteines were mutated to serines to favor monomeric expression of sFv-lg fusion 

1 0 protein. The humanized 106 VL-link-VH sFv gene cassettes were cut with Sail and 
Bell and were ligated into similarly digested pUC-lg. DH5a £ coli were transformed 
with the constructs and colonies were screened for inserts. Six of the seven VH 
constructs were properly inserted into pUC-lg. The entire L6 Vk leader/humanized 
106 VL-link-VH sFv/human Ig cassettes were cut from pUC-lg using Hindi II and 

1 5 Xbal and were transferred to the pCDM8 mammalian expression vector and were 

amplified by transformation in E. coli strain MCl06l/p3 Of the six, five were inserted 
properly into pCDM8 DNA was recovered from each for COS cell transfections. 

Small-scale COS cell transfections were carried out in 60 mm tissue culture 
2 0 plates by the DEAE-dextran method. Three ml of transfection supernatant was 

recovered from each after three days of culture and were tested for the presence of 
soluble sFv-lg fusion protein by Western blot and EL1SA. In addition, an anti-human 
Ig sandwich ELISA was performed to quantify the amount of protein expressed by 
each construct and the on-rates of the different proteins binding to gp39 were 

2 5 measured by Biacore analysis. 

G. Preliminary Analysis of Humanized 106 sFv Expressed by Transient 
Transfection in COS Cells. 

3 0 SDS-P AGE and Western blot of the transfection supernatants showed that of 

the five constructs used to transfect COS cells (humanized 106 sFv containing the 1 06 
VH fragments !06vhT-DS, 106vhT-SS, 106vhT-SY, I06vhA-DY and l06vliA-SY), 
four secreted protein into the supernatant. There was no protein expressed by 
humanized 106 sFv containing 1 06vhT-SY (huVL/ 1 06vhT-SY). Of the four 
35 expressors, three expressed protein of correct size for an sFv-lg fusion protein 
(55 kDa). HuVL/106vhT-SS produced a protein of aberrant size (approximately 
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5 97 kDa). Expression levels for HuVL/l06vhT-DS appeared to be similar to murine 
106 sFv while HuVL/106vhA-DY and HuVL/106vhA-SY expressed at lower levels 

The protein levels were quantified using a sandwich ELISA to detect the human 
Ig tail. ELISA plates were coated with goat anti-human Ig in PBS and blocked in PBS 

10 + 0. 1% BSA. The transfection supernatants were incubated neat and at a 1:5 dilution 
for 1 hr at RT. The plates were then washed and incubated with goat anti-human Ig- 
horseradish peroxidase in ELISA conjugate buffer for I hr at RT. Plates were washed 
again and a 1 : 100 dilution of EIA Buffered Substrate (Genetic Systems Corporation) 
was added. The color reaction was stopped with 3M H2SO4 and the optical density 

1 5 was measured at 450-595 nm with a Titertek multiwell plate reader Approximate 
protein concentrations were determined by comparison to a known concentration of 
CD40Ryl (CD40-lg) that had been determined with the Bio-Rad protein concentration 
kit The protein concentrations were: 

2 0 huVL/ 1 06vhA-DY (clone 1 0) 0.62 ng/ml 

huVL/106vhA-DY (clone 12) 0.82 ng/ml 

huVU106vhA-SY (clone 21) 0.77 ng/ml 

huVLM06vhT-SY (clone 26) 0 ng/ml 

huVL/106vhT-SS (clone 36) 0.15 ng/ml 
25 huVL/106vhT-DS (clone 46) 1.20 ng/ml 

The supernatants were tested for their ability to block E-selectin expression on 
endothelial cells. Human umbilical vein endothelial cells (HUVECs. Clonetics 
Corporation) were cultured and stimulated in Ml 99 (Medium 199, Gibco BRL) with 

30 additions to final concentrations as follows: 4 mM L-glutamine, 48.5 ng/ml penicillin, 
80 (ig/ml streptomycin, I mM sodium pyruvate (Sigma). 90 ng/ml heparin (Sigma), 
30 jig/ml endothelial growth supplement (Collaborative Biomedical Products) and 
20% fetal bovine serum. Endothelial cells were grown in tissue culture flasks treated 
with 1% gelatin, and plated at 1.5 x I0 J cells/well in tlat-bottomed 96-well Costar 

35 tissue culture plates that had been coated with I |ig/well fibronectin (Collaborative 
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5 Biomedical Products). Endothelial cells were stimulated 1-2 days after plating. Cells 
were used at passage 4 or 5. 

sgp39 and supematants containing humanized 106 sFv-lgs were added in Ml 99 
plus additions in 100 nl per well and incubated at 37°C for 4 hours prior to assaying 

0 for E-selectin expression. Plates were then washed twice with cold PBS, fixed for 1 0 
minutes with 0.5% glutaraldehyde in PBS at 4°C, washed four times with 3% goat 
senim/PBS/20 mM EDTA (blocking buffer) and blocked 1 hour at 37°C or overnight 
at 4°C in the same buffer. Cells were treated with 100 jal anti-E- and P-selectin (R&D 
Systems) at 0 25 ng/ml in blocking buffer for 1 hour at 37°C. Plates were washed four 

5 times with blocking buffer, incubated 1 hour at 37°C with horseradish peroxidase 

conjugated anti-mouse IgG in blocking buffer (Jackson ImmunoResearch, 100 ^l/well, 
1 :2000 dilution) then washed four times. Plates were developed using El A chromagen 
reagent in El A buffered substrate (both from Genetic Systems, 100 ^il/well, 1 : 100 
dilution) and stopped with 100 *il per well of IN H 2 SOi. The absorbance was 

0 determined at dual wave lengths of 450 nm and 630 nm. 

HuVL/106vhA-DY, huVL/106vhA-SY and huVL/106vhT-DS all inhibited E- 
selectin expression although not as effectively as the original murine 106 sFv-lg 
(Figure 13). Differences may be accounted for by lower protein expression in 
25 huVL/106vhA-DY and huVL/106vhA-SY, although huVL/106vhT-DS appeared to 
express at levels comparable to the original murine 106 sFv-lg. 

The on-rates of the different proteins binding to gp39 were determined using the 
Biacore. HuVL/106vhA-SY and huVL/l06vhT-DS both bound tightly to chips coated 

30 with gp39, with activity comparable to the original murine 1 06 sFv-lg (Figure 14). 
Since these proteins did not come off, it was unclear whether the affinities of these 
sFv-lg were very high (the profiles indicated affinities of Kd - I0" lw M or greater) or 
whether the proteins were aggregated and were binding multivalently. HuVL/l 06vhA- 
DY did come off. From its profile, affinity was estimated to be approximately Kd = 

35 I0" 7 to 10"* M. The original murine 106 sFv-lg had been measured at Kd = 1.6 x 
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5 10" 9 M so it appears that huVL/l06vhA-SY and huVL/IU6vhT-DS are high affinity 
humanized anti-gp39 sFv 



HuVL/106vhA-SY and huVL/106vhT-DS were found to bind tightly to human 
gp39 and show functional activity in inhibiting E-selectin expression on endothelial 
1 0 cells. Although huVL/106vhA-SY appears to express at lower levels than 
huVL/106vhT-DS, it is the "most human" of the humanized 106 sFv. 



EXAMPLE 13 

15 

Generation of Humanized Monoclonal Antibody 106 As A Whole Antibody 



Using the humanized 106 sFv-Igs as a template, the variable light chains and 
three forms of the variable heavy chain were amplified by PCR using primers that 

20 introduced a sequence encoding the signal sequence of the human antibody template. 
These PCR products were inserted into a vector containing sequences encoding the 
constant regions of human kappa (k) or of a human gamma I (yl) to generate the 
complete light or heavy chain, respectively. These vectors also included appropriate 
drug resistance genes for the generation and amplification of stable cell lines expressing 

25 the protein. Proteins from each of the three constructs, (see Table 1 3 for 

nomenclature) were produced by transient expression in COS cells These proteins 
were tested as crude supernatants in assays for the inhibition of B cell proliferation 
using soluble gp39 (sgp39) in the presence of anti-human IgM, the production of 
antibodies by B cells stimulated with activated T cells, and the induction of E-selectin 

30 expression on endothelial cells by a gp39* T cell line 

The following briefly describes the construction of the expression vectors for 
humanized anti-gp39 monoclonal antibody 106 with amino acids Thr, Asp. Ser at 
positions 24, 55 and 56, respectively (designated hi 06-2). Construction of the 
35 expression vectors went through a series of intermediate plasmids wherein various 
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5 functional regions and restriction sites were manipulated. Also, the various regions 
encoding the required variable and other immunoglobulin domains were assembled 

TABLE 13 
Nomenclature 

Sequence at position Alternative Protein Names 

24,55,56 

TDS mmm hKl hi 06-2 

ADY hmh hK6 

ASY hhh hK8 hi 06- 1 

10 

Briefly, three plasmids, pD13, pD16 and pDI7, used in constructing the final 
vectors and expression cassettes were initially constructed. 

A. Construction of pD 1 3 

15 

Plasmid pD13 was constructed and derived from the pcDNA3 plasmid 
(Invitrogen) in two steps. First, the SV40 promoter/enhancer and neomycin resistance 
gene was removed by digestion with Nae\ and isolation of the 3.82 kb fragment. This 
was replaced by the S V40 promoter/enhancer and dhfr gene from pS V2-dhfir The 
20 pSV2-dhfr sequence was isolated as a 1 .93 kb fragment after digestion with HvuW and 
Bam HI. The 3.82 and 1 .93 kb fragments were ligated together and used to transform 
MCI 06 1 bacteria following filling in the protruding ends of the 1 .93 kb fragment from 
pSV2-dhfr. The correct product (designated pD12) was confirmed by the release of an 
890 bp fragment following Hhnfll\ digestion. 

25 

In the second step, the polylinker was replaced with alternative restriction sites 
by digesting the resultant vector above with Aspl 1 8 and Bsp 1 201 . Oligonucleotides 
LH7 (Seq. ID #64) and LH8 (Seq. ID #65) were annealed and cloned by Exolll 
cloning (K. Hsio, 1993, Nucl. Acid. Res. 2/ 5528-5529) was used to complete the 
30 plasmid pD13. The resulting plasmid was used to transform competent E. coli DH5a 
and the correct product was confirmed by sequencing the polylinker region 



VI 



WO 96/23071 PCT/US96/D1119 



B . Construction of pD 1 6 and pD 1 7 



Plasmid pD16 was derived from the pcDNA3 plasmid (lnvitrogen) in a series of 
steps which add (1) a polylinker sequence upstream of the CMV promoter for 

1 0 linearization, (2) deleting the SV40 promoter/enhancer and neomycin resistance gene 
and replacing them with the histone H3 transcription termination sequence, the S V40 
promoter (enhancer deleted) and DHFR gene, and (3) insertion of the gastrin 
transcription termination sequence upstream of the CMV promoter. Plasmid pD 1 7 
was derived from pD16 by the removal of the Nhel site from the linearization 

15 polylinker. 

Plasmid pDI6 was derived from pcDNA3 (lnvitrogen) by first digesting with 
Bgttl and ligating oligonucleotides LH1 (Seq. ID #58) and LH2 (Seq ID #59) into the 
plasmid after annealing the oligonucleotides. After ligation, the resulting plasmid 
20 (pcDNA3-LSl) was used to transform competent E. coli DH5a and the correct 

construct was confirmed by release of a 230 bp fragment following restriction enzyme 
digestion with Nhel and Nrul. 

Plasmid pcDNA3-LSI was then digested with NgoMl % Pvu\ and Hsm\. 

2 5 Following digestion, a 2.0 kb NgoAfl-Pvul fragment was isolated. Plasmid pD 1 2 

(described above) was digested with Pvr/1 and Sph\ to remove the S V40 enhancer and 
a 3.6 kb fragment was isolated. Oligonucleotides LH3 (Seq. ID #60) and LH4 (Seq 
ID #6 IX encoding the histone H3 transcription termination sequence were annealed 
and then ligated with the 2,0 kb NgoMl-Pvtt] fragment and 3.6 kb Pvu\-Sphl fragment. 

30 The resulting plasmid pcTwD-LSl was confirmed by the production of 3.3, 0.95, 0.82 
and 0.63 kb fragments after digestion with Nhel plus Nci\ and the production of 4.2, 
1 .0, 0.26 and 0.23 kb fragment after digestion with *S/>//l plus BstEll 



Insertion of the gastrin transcription termination sequence to form plasmid pD 16 
35 was accomplished by digesting pcTwD-LSl with BssHU and Nar\ and isolating the 
5.7 kb fragment and ligating with the annealed oligonucleotides LH5 (Seq ID #62) and 
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5 LH6 (Seq ID #63). After ligation, the product was used to transform competent £ 
coli MCI061 and the correct construction was confirmed by the production of 4.8, 
0.66 and 0.31 kb fragments after digestion with NgoM\ plus S/tel and the production 
of 3.3, 1.0, 0 82 and 0.67 kb fragments following digestion with NgnMl plus Ncol. 

1 0 Plasmid pD 1 7 was derived from pD 1 6 by digestion with Bsttt and Nhel and 

filling the protruding ends using Klenow polymerase. The reaction mixture was self- 
li gated and used to transform competent £ coli DH5a. This step removed the ATid 
site from the linearization polylinker and was important for a later step in the 
construction of pD17-hGl a and pDI7-hK8.HI described later. 

15 

C, Construction of the light chain expression vector 

The expression vector for the light chain of humanized 106 was constructed in 
two phases. First, the light chain expression cassette containing the human Ck gene is 
2 0 constructed and this is followed by construction of the completed light chain 
expression vector pD16-hK8.Ll (FigurelS). 

Briefly, a 2.9 kb EcoRl fragment was isolated from pGk. 1 1 (Walls et al., 1993, 
NucL Acid Rex 27:2921-2929) and this was ligated into the plasmid pDI3 (described 
2 5 above) previously digested with EcoRl . This construct (pD 1 3-hCka) containing the 
human Ck exon and flanking intron sequences was used to transform £ coli DHSa 
and the correct product was confirmed by restriction digestion. Digestion with Ecof<\ 
resulted in fragments of 5.7, 2.8 and 0.3 kb and digestion with Sac\ resulted in 
fragments of 7. 1 , 1 . 1 and 0,5 kb. 

30 

Construction of the light chain expression cassette was completed by removing 
the Ck fragment along with the flanking polylinker sequences from pD 1 3 and inserting 
it into pDI6. Plasmid pDI3-hCka was digested with Asp! 1 81 and Hsp\ 201 to release 
the Ck fragment and polylinker sequences. The same enzymes were used to linearize 
35 pD 1 6 and the Ck containing fragment was ligated into pD 1 6 to form pD 1 6-hCka 

Following transformation of DH5a £ coli and amplification, the correct construct was 
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5 confirmed by the release of 2.9 kb fragment following digestion with Aspl 1 81 and 
BsplKA and linearization following digestion with a restriction enzyme present in 
pD16, but not pD13. The nucleotide sequence was also confirmed by sequencing 
various regions of the construct. 

10 In the second phase of construction of the light chain expression vector an 

oligonucleotide sequence encoding a signal peptide and the hl06Vk sequence was 
assembled and inserted into the EcoRV and Xhol sites of pD16-hCka. The 
oligonucleotide sequence encoding the signal sequence and the hl06Vk sequence was 
assembled by PCR SOEing (splice by overlapping extension reactions) (Ho, S.N et al., 

15 1989, Gene 77:51-59) using hu 106 VL clone 10 as a template and primers LH9 (Seq. 
ID # 66), LH10 (Seq. ID U 67), LH1 1 (Seq ID #68) and LHI2 (Seq. ID U 69). In 
combination, primers LH9, LH10 and LH1 1 encode an EcoRV restriction site, a signal 
peptide, and the 5' end of hul06 Vk. Primer LH12 encodes Jk, intron sequences, and 
an Xhol restriction site. The complete construct was used to transform competent E. 

20 coli DH5ot by homologous recombination (Babek et al , 1993, Nucl. Acids Res. 

2 1 :3601 -3602). Plasmid DNA from colonies was screened by PCR for the presence of 
a 44 1 bp insert following digestion with Asp! 1 81 and Xhol 

The final construct of the plasmid is depicted in Figure 15 and was further 
25 confirmed by sequencing the entire V region insert and some of the flanking regions. 
Clones containing the correct fragment sizes were designated pD16-hK8.LI A, pDI6- 
LK8.L1 B, pD 1 6-hK8 L 1 C. Sequencing of clone pD 1 6-hK8. L I A discovered one 
mutation in the nucleotide sequence of the clone which did not appear to disrupt the 
ability of the sequence to express protein and did result in mature light chains. The 
30 nucleic acid sequence (Seq. ID # 76) and amino acid residue sequence (Seq. ID #77) 
are depicted in Figure 16. The mutation changed the initiation Methionine signal 
sequence to ATC, but there is another Methionine coded for two amino acid codons 
downstream. (Figure 16). 
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Construction of the heavy chain expression vector 



Expression vectors for the humanized whole antibody 106 heavy chain were also 
constructed in two phases. In the first phase, DNA encoding exons for CH 1, CH2 and 
1 0 CH3 of human gamma 1 constant region were inserted into pDl7. In the second 
phase, variable regions of monoclonal antibody 106 were assembled and ligated into 
the vector containing the sequences for the heavy chain constant regions. 

Using pNyl. 12 (Walls et al., 1993, NucL Acid. Res. 2/:2921-2929) as a 
1 5 template the human gamma 1 gene was amplified by PCR using primers LH 1 3 (Seq. 
ID #70) and LHI4 (Seq. ID # 71). The sense primer (LH13) contained a Clal site, for 
cloning into pIC20R, followed by the human y I 5' CH 1 domain sequences. The 
nucleotides encoding the first two amino acid residues (Alanine and Serine) were 
mutated so as to encode an Nhel restriction site (GCTAGC). LH 14, the antisense 
20 primer had a unique BstEII site in CHI followed by an Xhol site for cloning into 
pIC20R. The 0.2 kb PCR fragment and pIC20R(previously digested with Clal and 
Xhol) were briefly treated with Exonuclease III and used in transformation of E. colt 
DH5a. Colonies containing inserts were determined by PCR and the DNA sequence 
was verified. The resultant plasmid was designated pIC-hGINhe.Bst. 

25 

The remaining portions of the human genomic immunoglobulin gamma I gene 
were inserted into the expression cassette by digesting pNgl 16 (Walls et al., xttpru) 
with HindlM and BamH 1 . The HbuAW site is just 5* of CH I , while the HamH\ site is 
3* of the CH3 domain. pIC-hG I Nhe.Bst was digested with HhtJ\\\ and HamHX and 
3 0 ligated with the Hindlll-BamHl fragment of pNg 1.16 Transformation resulted in a 
plasmid carrying the S* end of the gamma I gene followed by the full gamma 1 gene 
This was confirmed by release of 3. 1 and 2.6 kb fragments when the plasmid was 
digested with£co/?I. 

35 The repeated portion of the gamma 1 gene was removed by digestion with 

BstEll % self-ligation of the plasmid and transformation. Deletion of the repeat was 
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5 confirmed by DNA sequencing the regions around the BxtEll site. The resulting 

vector, designated plC-hGINhe.Bam, contains the human gamma I gene beginning at 
codon 1 (with an artificial Nhel site) through the HamHX site 3' of the human gamma I 
CH3 domain. 



1 0 pIC-hG iNhe.Bam was then digested with Nhel and BamHl to release the 

gamma 1 insert. The gamma 1 insert was ligated into pD13 (described above), which 
had been previously digested with Nhel and BamHl, and used to transform E. coli 
DHScl The correct product designated pD13-hGla was confirmed by the production 
of 5. 1 and 3.25 kb fragments after digestion with Bg/ll and the production of 3.55. 

15 3 .25 and 1 . 54 kb fragments after digestion with Bgl\ I and HamH\ 

The expression cassette designated pD17-hGla was constructed from pDI3- 
hGla by digesting pD13-hGla with Aspl\%\ and BamHl and isolating the 2.7 kb 
fragment. This fragment contains the human gamma I gene and flanking polylinker 
20 sequences. DM I (Dam ) bacteria were used to amplify pD17 and the isolated plasmid 
was digested with Aspl 181 and Bell giving a 5.6 kb vector fragment. The 2.7 kb 
human gamma 1 encoding fragment was ligated into the isolated vector fragment and 
used to transform competent E. coli DH5a and the proper construction confirmed by 
the release of 7. 13 and 1.26 kb fragments following digestion with BstEII. 

25 

Construction of the heavy chain expression vector was completed by inserting a 
PCR fragment encoding a signal peptide and the hi 06 Vh sequence, ASY, into the 
Nhel and Xhol sites of pD 1 7-hG 1 a. The PCR fragment was constructed by splice 
overlap extension using VhASY 24-17 (hhh) as template and primers LH 15 (Seq ID 

30 # 72), LH16 (Seq. ID # 73), LH17 (Seq. ID # 74) and LHI8 (Seq. ID tf 75). In 
combination, primers LH15, LH16 and LH17 encode an EcoRV restriction site, a 
signal peptide and the 5* end of hl06 Vk. Primer LH lb encodes the JH portion of the 
variable heavy chain gene through an artificial Nhel site at the 5 1 end of the CH I 
domain. This construction provides for no intron between the JH and CH I domains 

35 The PCR reactions were repeated with the two outside primers (LH 1 5 and LH 1 8) to 
ensure a full length product. The outside primers also provided sufficient overlap with 
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the vector sequences in the target region of the vector to allow cloning by homologous 
recombination. 



To insert the PCR fragment into pD17-hGla, EcoRW and Nhel were used to 
linearize the vector and the fragments were ligated and used to transform competent £ 

1 0 coli DHSot by homologous recombination (Babeck et al., 1993, Nucl. Acids. Res. 

27:3601-3602). The presence of an insert was determined by PCR and the sequencing 
of the variable region. Figure 17 is a depiction of the final construction for pDI7- 
hK8 HI DNA sequencing was carried out for the insert and flanking regions to 
confirm the final product. The nucleic acid (Seq. ID # 78) and amino acid residue 

1 5 (Seq. ID # 79) sequences for the sequenced regions are depicted in Figure 1 8. 

Two other constructs containing codons which encode the murine amino acid 
residues at positions 24, 55 and 56 (pD17-hKl.Hl) of the variable heavy chain region 
and the human amino acid residues at positions 24 and 56 and the murine amino acid 
2 0 residue at position 55 (pD 1 7-hK6.H 1 ) were also constructed. The constructions were 
carried out in the same way as described above for pD17-hK8.Hl except the PCR 
templates VHTDS 15-34 (mmm) and VHADY 7-8 (hmh), respectively, were used. 

TABLE 14 

2 5 Primers Used in the Construction of Humanized Monoclonal Antibody 106 

LH 1 - 5' primer for linearizing site polylinker upstream of CM V promoter 
5-GATCTGCTAGCCCGGGTGACCTGAGGCGCGCCTTTGGCGCC-3 t Seq. ID #58 

30 LH2 - 3' primer for linearizing site polylinker upstream of CMV promoter written in 3' 
to 5* orientation, 

3-ACGATCGGGCCCACTGGACGCCGCGCGGAAACCGCGGCTAG-5' 

Seq ID #59 

35 LH3 - 5* primer for histone H3 transcription termination sequence 

S'-CCGGGCCTCTCAAAAAAGGGAAAAAAAGCATGo 1 Seq. ID #W> 
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LH4 - 3' primer for histone H3 transcnption termination sequence 

3 '-CGG AG AGTTTTTTCCCTTTTTTTC -5' Seq. ID #61 

LHS - 5' primer for gastrin transcription termination sequence 
S'-CGCGCCGGCTTCGAATAGCCAGAGTAACCTTTTTTTTTA 
ATTTTATTTTATTTTATTTTTGAGATGGAGTTTGG-3' Seq. ID #62 

LH6 - 3' primer for gastrin transcription termination sequence 

3 •-GGCCGAAGCTTATCGGTCTC ATTGGAAAAAAA A ATT AA 

AAT AAAAT AAAAT AAAAACTCT ACCTC AAACCGC- 5 * Seq ID #63 

LH7 - cloning poly linker for pD13 

5' TAGGGAGACCCAAGCTTGGTACCAATTTAAATTGATATC 
TCCTTAGGTCTCGAGTCTCTAGATAACCGGTCAATCGAT 
TGGGATTCTT 3* Seq. ID #64 



LH8 - cloning polylinker for pD13 

5' GACACTATAGAATAGGGCCCTTCCGCGGTTGGATCCAAC 
ACGTGAAGCTAGCAAGCGGCCGCAAGAATTCCAATCGAT 
TGACCGGTTA 3' Seq ID #65 



LH9 • sense primer signal peptide region hu 1 06 VL 
ATCTCCTTAGGTCTCGAGACCATGGACATGAGGGTTCCGG 
CTC Seq. ID #66 

LH 1 0 - anti-sense primer signal peptide region hu 106 VL 
GGAGCCAGAGTAGCAGGAGCCCCAGGAGCTGAGCCGGAAC 
CCTCA Seq. ID #67 

> LH 1 1 - sense primer signal peptide region hu 1 06 VL 

CTGCTACTCTGGCTCCGAGGTGCCAGATGTGACATCCAGAT 
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5 EXAMPLE 14 

Testing of Humanized Monoclonal Antibody 106 for Biologic Activity 



In this example, the three forms of humanized monoclonal antibody 106 were 
produced by transient expressions from COS cells. The antibodies were tested for ( I ) 
10 inhibition of B cell proliferation, (2) production of antibodies by activated T cell 
stimulated B cells, and (3) induction of E-selectin expression on endothelial cells 

Transfection of COS cells was carried out as previously described (Linsley et al. 
1991 J.Exp. Med. 77J;72l-730; Aruffo and Seed, 1987 Proc. Nal'l Acad Sci. (ISA 

15 M:8573-8577). Plasmid DNA was added to transfection media at I \i§lm\ in a total 
volume of 12 ml/1 50 mm plate. After seven to 10 days, the culture media was 
collected, centrifuged to clarify and passed over a proteinA sepharose column as 
described above. The column was then washed with PBS and bound antibody eluted 
with 0.0S M sodium citrate, pH 3.0. Fractions were neutralized, pooled and dialyzed 

2 0 against cold PBS. The dialyzed eluate was concentrated using a Centriprep 

concentrator ( Amersham) and protein concentration were determined by absorbance at 
280 nm using an extinction coefficient of 1 .35 mlmg* 'cm* 1 

Inhibition of B cell proliferation by soluble gp39 (sgp39) and anti-human IgM 
25 was determined by culturing 5 x 10 5 resting human tonsillar cells in the presence of 
sgp39, rabbit anti-human IgM immunobeads and varying amounts of the humanized 
106 monoclonal antibody in 96 well plates for 72 hours at 37°C, 6% C0 2 The plates 
were then pulsed with 1 pCi/well [ 3 H]-thymidine for 1 8 hours and [*H] incorporation 
determined. All tests were performed in triplicate and the results are expressed as 
30 percent inhibition compared to cultures maintained in culture medium only. As seen in 
Figure 19, all three humanized whole antibody constructs of monoclonal antibody 100 
were capable of inhibiting the stimulation of B cell proliferation by soluble gp39 and 
anti-human IgM. The construct containing the amino acid residues from the murine 
sequence at positions 24. 55 and 56 was the most similar to the original murine 106 
35 antibody. 
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5 Antibody production by human peripheral B cells stimulated with activated T 

cells was tested as described above. Briefly, human peripheral blood mononuclear 
cells were depleted of monocytes and natural killer cells and then separated into T cells 
and B cells by E rosetting. The isolated T cells were treated with mitomycin C and 
than co-cultured with B cells in anti-CD3 monoclonal antibody coated wells of a 96 
1 0 well plate in the presence of varying concentrations of the different forms of 

humanized 106 monoclonal antibodies. All tests were run in triplicate and the results 
are expressed as percent inhibition compared to cultures that contained medium which 
did not contain any anti-gp39 monoclonal antibody. 

* 

15 As can be seen in Figure 20, all of the antibodies were able to at least partially 

* 

block the ability of activated T cells to stimulate antibody production by B cells. None 
of the humanized antibodies were as capable as the murine anti-gp39 monoclonal 
antibody 106 at blocking antibody production. The antibody having murine amino acid 
residues at positions 24, 55 and 56, hl06-2, was the most successful. 

20 

The humanized whole antibody constructs were also tested for their ability to 
prevent the induction of E-selectin expression on endothelial cells by a gp39* T cell 
line. As described above, except that the human umbilical vein endothelial cells were 
co-cultured with BMS-2 cells (a Jurkat line known to constitutively express gp39) 
2 5 instead of sgp39, in the presence of the humanized anti-gp39 monoclonal antibodies. 
After four hours, the level of E-selectin expression was measured by EL1SA. Figure 
21. 

Results for this assay, as with the previous assays, demonstrate that all of the 
30 humanized whole antibody constructs made inhibit the interaction between gp39 and 
CD40 preventing, in this case, the induction of the expression of E-selectin on 
endothelial cells by activated T cells. Also, as demonstrated by the assays above, the 
construct having murine amino acid residues at positions 24, 55 and 56, h 106-2, was 
most like the parental murine monoclonal antibody 106 

35 
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The following hybridoma cell lines were deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852-2776, USA 
under the terms of the Budapest Treaty. 



Hvbridoma 


ATCC Designation 






39-1.29 


HB 1 1808 


39-1.132 


HB 11809 


39-1.134 


HB 1 1810 


39-1.106 


HB 11811 


39-1.7 


HB 11812 


39-1.37 


HB 11813 


39- 1 .77 


HB 11814 


39-1.59 


HB 11815 


39-1.122 


HB 11816 


39-1.156 


HB 11817 


39-1.128 


HB 11818 


39-1.124 


HB 11819 


39- 1 .26 


HB 1 1820 


39-1.138 


HB 1 1821 


39- 1 .3 


HB 11822 


39-7.3E12 


HB 1 1823 


39-5.6E9 




39-9.246 




39-9. 1 1 




39-9.274 
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5 threonine 135, or lysine 143 replaced by alanine; and (c) does noi reaci with gp39 by 
Western blot. 



7. The monoclonal antibody of claim 6, wherein the antibody is that secreted 
by the hybridoma 3 9- 1.59 designated ATCC HB 11815 

10 

8. The antigen binding fragment of claim 7, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-1.59 designated ATCC HB 11815. 

9. The antigen fragment of claim 8, wherein the fragment is a Fab, F(ab') 2 , or 

15 Fv. 

10. The recombinant binding protein of claim 6, wherein the protein is an sFv or a 
recombinant protein comprising a variable region of an antibody of claim 7. 

20 1 1 . A monoclonal antibody, an antigen binding fragment or recombinant 

binding protein thereof which is specific for human gp39 and; (a) binds to a mutant 
form of human gp39 with a somewhat reduced binding avidity when compared to the 
binding avidity to wild-type gp39, wherein the mutant form of gp39 comprises serine 
131 and threonine 135, tyrosine 145, asparagine 180, or phenylalanine 201 and 

2 5 glutamic acid 202 replaced by alanine; (b) has a poor binding avidity to a mutant gp39 

as compared to the binding avidity to wild-type gp39 wherein the mutant form of gp3 c > 
comprises glutamic acid 129, or lysine 145 replaced by alanine: and (c) does not react 
with gp39 by Western blot. 

30 12. The monoclonal antibody of claim 1 1, wherein the antibody is that secreted 

by the hybridoma 39-1.37 designated ATCC HB 1 1813 or 39-1 132 designated ATCC 
HB 11809. 

1 3. The antigen binding fragment of claim 1 1 . wherein the fragment is derived 

3 5 from the antibody secreted by the hybridoma 39- 1 .37 designated ATCC HB 11813 or 

39-1.132 designated ATCC HB 1 1 809 
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14. The antigen binding fragment of claim 1 1, wherein the fragment is a Fab, 
F(ab')2, or Fv. 

IS. The recombinant binding protein of claim 1 1, wherein the protein is an sFv, a 
1 0 humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 12. 

16. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and; (a) binds to a mutant 

1 5 form of human gp39 with a somewhat reduced binding avidity when compared to the 
binding avidity to wild-type gp39, wherein the mutant form of gp39 comprises serine 
131 and threonine 135, tyrosine 145, asparagine 180, or phenylalanine 201 and 
glutamic acid 202 are replaced by alanine; (b) has a poor binding avidity to a mutant 
gp39 compared to the binding avidity to wild-type gp39 wherein the mutant form of 

20 gp39 comprises glutamic acid 129, or lysine 143 replaced by alanine; and (c) reacts 
with gp39 by Western blot. 

17. The monoclonal antibody of claim 16, wherein the antibody is that secreted 
by the hybridoma 39-1 . 1 24 designated ATCC HB 1 1819 or 39-1 . 1 56 designated 

25 ATCC HB 11817. 



30 



18. The antigen binding fragment of claim 16, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39- 1 . 1 24 designated ATCC HB 1 1819 or 
39-1.156 designated ATCCHB 11817. 

19. The antigen binding fragment of claim 18, wherein the fragment is a Fab. 
F(ab')2, or Fv. 



20. The recombinant binding protein of claim 16, wherein the protein is an sFv, 
35 humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 1 7. 
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21. A monoclonal antibody, an antigen binding fragment or recombinani 
binding protein thereof, which is specific for human gp39 and; (a) binds to a nuitani 
form of human gp39 with a somewhat reduced or similar binding avidity when 
compared to the binding avidity to wild-type gp39, wherein the mutant form of gp39 
1 0 comprises, glutamic acid 129, serine 1 3 1 and threonine 1 35, tyrosine 1 45, asparagine 
180 or phenylalanine 201 and glutamic acid 202 replaced by alanine, (b) has a poor 
binding avidity to mutant gp39 comprising lysine 143 replaced by alanine, (c) does not 
bind to gp39 by Western blot. 

1 5 22. The monoclonal antibody of claim 2 1 , wherein the ant ibody is that secreted 

by the hybridoma 39-1.7 designated ATCC HB 1 1812, 39-1.128 designated ATCC 
HB 1 1818, or 39-1.26 designated ATCC HB 1 1820 

23. The antigen binding fragment of claim 21, wherein the fragment is derived 
2 0 from the antibody secreted by the hybridoma 39-17 designated ATCC HB 11812, 

39-1.128 designated ATCC HB 11818, or 39-1.26 designated ATCC HB 1 1820. 

24. The antigen binding fragment of claim 23, wherein the fragment is a Fab, 
Ffab'h, or Fv. 

25 

25. The recombinant binding protein of claim 21, wherein the protein is an sFv, a 
humanized antibody or a recombinant binding protein comprising a variable region of 
an antibody of claim 22. 

30 26. A monoclonal antibody, an antigen binding fragment or recombinant 

binding protein thereof, which is specific for human gp39 and; (a) binds to a mutant 
form of human gp39 and to wild-type gp39 with a similar binding avidity, wherein the 
mutant form of gp39 comprises, glutamic acid 129, serine 131 and threonine 135, 
tyrosine 145, or asparagine 180 are replaced by alanine, (b) has a poor binding avidity 

35 to mutant gp39 when compared to the binding avidity to wild-type gp39 comprising, 
phenylalanine 201 and glutamic acid 202 are replaced by alanine, (c) has a somewhat 
reduced binding avidity when compared to the binding avidity to a mutant gp39 than 
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5 wild-type gp39, wherein the mutant form of gp39 comprises lysine 143 replaced by 
alanine and (d) binds to gp39 by Western blot 



27. The monoclonal antibody of claim 26, wherein the antibody is that secreted 
by the hybridoma 39-1.77 designated ATCC HB 1 1814, 39- 1. 106 designated ATCC 

10 HB 1 1811, or 39-1.134 designated ATCC HB 11810. 

28. The antigen binding fragment of claim 26, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-1.77 designated ATCC HB 1 1814, 
39-1.106 designated ATCC HB 1181 1, or 39-1.134 designated ATCC HB 1 1 8 1 0. 

15 

29. The antigen binding fragment of claim 26, wherein the fragment is a Fab, 
F(ab')2, or Fv. 

30. The recombinant binding protein of claim 26* herein the protein is an sFv, a 
20 humanized antibody or a recombinant protein comprising a variable region of an 

antibody of claim 27. 

3 1 . The recombinant binding protein of claim 30, wherein the protein is 
106 sFv-Ig, 7sFv-Ig, humanized 106 sFv-Ig, or humanized 7 sFv-lg. 



25 



32. The recombinant binding protein of claim 30, wherein the protein is 
humanized monoclonal antibody 106. 



33. A monoclonal antibody, an antigen binding fragment or recombinant 
30 binding protein thereof, which is specific for human gp39 and; (a) binds to a mutani 
form of human gp39 and wild-type gp39 with a similar binding avidity, wherein the 
mutant form of gp39 comprises glutamic acid 129, serine 13 1 and threonine 135, lysine 
143, tyrosine 145, or asparagine 180 replaced by alanine, (b) has poor binding avidity 
to mutant gp39 compared to the binding avidity to wild-type gp39 wherein the mutant 
35 form of gp39 comprises phenylalanine 201 and glutamic acid 202 replaced by alanine, 
(c) binds to gp39 by Western blot. 
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34. The monoclonal antibody of claim 33, wherein the antibody is thai secreted 
by the hybridoma 39-1 .29 designated ATCC HB 1 1 808. 

35. The antigen binding fragment of claim 33, wherein the fragment is derived 
1 0 from the antibody secreted by the hybridoma 39-1 .29 designated ATCC HB 1 1 808. 

36. The antigen binding fragment of claim 35, wherein the fragment is a Fab, 
F(ab')2, or Fv. 

1 5 37. The recombinant binding protein of claim 33, wherein the protein is an 

sFv, a humanized antibody or a recombinant protein comprising a variable region of 
the antibody produced by the hybridoma 39-1.29 designated ATCC HB 1 1808 

38. A monoclonal antibody, an antigen binding fragment or recombinant 
20 binding protein thereof which is specific for human gp39 and; (a) binds to a mutant 

form of human gp39 and wild-type gp39 with a similar binding avidity, wherein the 
mutant form of gp39 comprises glutamic acid 129, serine 131 and threonine 135, 
tyrosine 145, or asparagine 180 replaced by alanine, (b) has somewhat reduced binding 
avidity to a mutant gp39 when compared to wild-type gp39 wherein the mutant 
2 5 comprises lysine 143 replaced by alanine, and (c) does not bind to gp39 by Western 
blot. 

39. The monoclonal antibody of claim 38, wherein the antibody is that secreted 
by the hybridoma 39-7.3E12 designated ATCC HB 1 1 823 

30 

40. The antigen binding fragment of claim 38. wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-7.3EI2 designated ATCC HB 1 1823 

41. The antigen binding fragment of claim 40, wherein the fragment is a Fab, 
35 F(zb% or Fv. 
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5 42. The recombinant binding protein of claim 38, wherein the protein is an 

sFv, a humanized antibody or a recombinant protein comprising a variable region of 
the antibody produced by the hybridoma 39-7.3E12 designated ATCC HB 1 1 823. 

43. A monoclonal antibody, an antigen binding fragment or recombinant 
10 binding protein thereof, which is specific for gp39 and, (a) binds to a mutant form of 
human gp39 and wild-type gj>39 with a similar avidity wherein the mutant comprises 
glutamic acid 129 replaced by alanine; (b) binds to a mutant form of human gp39 with 
a somewhat reduced avidity when compared to the binding avidity to wild-type gp39 
wherein the mutant form of gp39 comprises serine 131 and threonine 135, asparagine 
15 180, or phenylalanine 201 and glutamic acid 202 replaced by alanine; (c) has a poor 
binding avidity to a mutant gp39 compared to the binding avidity to wild-type gp39 
wherein the mutant form of gp39 comprises lysine 143 or tyrosine 145 replaced by 
alanine; and (d) does not react with gp39 by Western blot. 

20 44. The monoclonal antibody of claim 43, wherein the antibody is that secreted 
by the hybridoma 39-5. 6E9 designated ATCC HB . 

45. The antigen binding fragment of claim 43, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-5.6E9 designated ATCC HB 

25 

46. The antigen binding fragment of claim 45, wherein the fragment is a Fab, 
F(ab')2, or Fv. 

47. The recombinant binding protein of claim 43, wherein the protein is an 

3 0 sFv, a humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 44. 

48. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and, (a) binds to a mutant 

3 5 form of human gp39 with a similar or somewhat reduced avidity when compared to the 
binding avidity to wild-type gp39 wherein the mutam form of gp39 comprises glutamic 
acid 129, serine 131 and threonine 135, lysine 143, tyrosine 145, asparagine 180, or 
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5 phenylalanine 201 and glutamic acid 202 replaced by alanine; and (b) reacts with gp» 
by Western blot. 

49. The monoclonal antibody of claim 48, wherein the antibody is that secreted 
by the hybridoma 39-9.246 designated ATCC HB 



10 



50. The antigen binding fragment of claim 48, wherein the fragment is derived 
from the antibody secreted by hybridoma 39-9.246 designated ATCC HB 



5 1 . The antigen binding fragment of claim 50, wherein the fragment is a Fab, 
15 F(ab')2, orFv 

52 The recombinant binding protein of claim 48. wherein the protein is an 
sFv, a humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 49. 

20 

53. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and, (a) binds to a mutant 
form of human gp39 and wild-type gp39 with similar avidity wherein the mutant 
comprises glutamic acid 129, serine 131 and threonine 135, tyrosine 145 or 

25 phenylalanine 201 and glutamic acid 202 replaced by alanine; (b) has a somewhat 

reduced avidity when compared to the binding avidity to wild-type gp39 wherein the 
mutant form of gp39 comprises lysine 143 replaced by alanine; (c) has poor binding 
avidity to a mutant gp39 as compared to the binding avidity to wild-type gp39 wherein 
the mutant form comprises asparagine 180 replaced by alanine; and (d) does not react 

3 0 with gp39 by Western blot. 

54. The monoclonal antibody of claim 53, wherein the antibody is that secreted 
by the hybridoma 39-9. 1 1 designated ATCC HB 

35 55. The antigen binding fragment of claim 53, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-9. 1 1 designated ATCC HB . 
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56. The antigen binding fragment of claim 55, wherein the fragment is a Fab, 
F(ab')2» or Fv. 

57. The recombinant binding protein of claim 53, wherein the protein is an 

1 0 sFv, a humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 54. 

58. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and, (a) binds to a mutant 

1 5 form of human gp39 and wild-type gp39 with similar avidity wherein the mutant 
comprises glutamic acid 129, serine 131 and threonine 135, tyrosine 145 or 
phenylalanine 201 and glutamic acid 202 replaced by alanine; (b) has a somewhat 
reduced avidity when compared to the binding avidity to wild-type gp39 wherein the 
mutant form of gp39 comprises lysine 143 replaced by alanine; (c) has poor binding 

20 avidity to a mutant gp39 as compared to binding avidity to wild-type gp39 wherein the 
mutant form comprises asparagine 180 replaced by alanine; and (d) reacts with gp39 
by Western blot. 

59. The monoclonal antibody of claim 58, wherein the antibody is that secreted 
25 by the hybridoma 39-9.274 designated ATCC HB . 

60. The antigen binding fragment of claim 58, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-9.274 designated ATCC HB 

30 61 . The antigen binding fragment of claim 60, wherein the fragment is a Fab, 

F(ab , ) 2 , or Fv. 

62. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, wherein the antibody is reactive with human gp39, but is not 
3 5 highly reactive with a mutant human gp39 wherein the glutamic acid at position 1 29 is 
replaced by an alanine. 
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63. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 62, wherein the antibody, binding fragment or 
recombinant binding protein is further characterized by the binding to gp39 by Western 
blot. 

64. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 62, wherein the antibody, binding fragment or 
recombinant binding protein thereof is further characterized by the inability to 
recognize human gp39 by Western blot. 

65 A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody is reactive with human gp39, but is not highly 
reactive with a mutant of human gp39 wherein the serine at position 131 and the 
threonine at position 135 have been replaced by alanine. 

66. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 65, wherein the antibody, antigen binding fragment or 
recombinant binding protein is further characterized by the binding of the antibody or 
antigen binding fragment thereof to human gp39 by Western blot 

67. The monoclonal antibody, antigen fragment or recombinant binding protein 
thereof of claim 65, wherein the antibody, antigen binding fragment or recombinant 
binding protein is further characterized by the inability to recognize human gp39 by 
Western blot. 

68. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 
protein is reactive with human gp39, but is not similarly reactive with a mutant of 
human gp39 wherein the lysine at position 143 has been replaced by alanine 

69. The monoclonaUntibody, antigen binding fragment or recombinant 
binding protein thereof of claim 68, wherein the antibody, antigen binding fragment or 
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5 recombinant binding protein is further characterized by the inability to bind gp39 by 
Western blot. 



70. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 68, wherein the antibody, antigen binding fragment or 

0 recombinant binding protein is further characterized by the ability to bind gp39 by 
Western blot. 

71. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 

5 protein is reactive with human gp39, but is not highly reactive with a mutant of human 
gp39 wherein the tyrosine at position 145 has been replaced by alanine. 

72. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 71, wherein the antibody, antigen binding fragment or 

0 recombinant binding protein is further characterized by the inability to bind gp39 by 
Western blot. 

73. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 

! 5 protein is reactive with human gp39, but is not similarly reactive with a mutant of 
human gp39 wherein the asparagine at position 180 has been replaced by alanine. 

74. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 73, wherein the antibody, antigen binding fragment or 

30 recombinant binding protein is further characterized by the inability to bind gp39 by 
Western blot. 

75. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 73, wherein the antibody, antigen binding fragment or 

35 recombinant binding protein is further characterized by the ability to bind gp39 by 
Western blot. 
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76. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 
protein is reactive with human gp39, but is not highly reactive with a mutant of human 
gp39 wherein the phenylalanine at position 201 and the glutamic acid at position 202 

10 has been replaced by alanine. 

77. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 76, wherein the antibody, antigen binding fragment or 
recombinant binding protein is further characterized by the inability to bind gp39 by 

15 Western blot. 



78. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 76. wherein the antibody, antigen binding fragment or 
recombinant binding protein is further characterized by the ability to bind gp39 by 
20 Western blot. 



79. A method for the detection of X-Iinked hyper IgM syndrome comprising: 

a) isolating peripheral blood lymphocytes from a patient; 

b) activating the isolated peripheral blood lymphocytes; 

2 5 c) fixing and permeabilizing the isolated and activated peripheral blood 

lymphocytes; 

d) admixing a monoclonal antibody, antigen binding fragment or 
recombinant binding fragment thereof, of any of claims 1 through 78, with the 
activated, fixed and permeabilized peripheral blood lymphocytes; 
30 e) detecting antibody bound to the cells 

80. The method of claim 79, wherein the antibody, antigen bindinu fragment or 
recombinant binding fragment thereof, is conjugated with a detectable label 

35 81. The method of claim 79, wherein the method further comprises the step of 

adding a labeled secondary antibody specific for the first antibody, antigen binding 
fragment or recombinant binding fragment thereof, after step (d). 
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82. The method of claim 81, wherein the label is a fluorophor, radioactive 
isotope, enzyme, or chromophore. 

83. A monoclonal antibody, an antigen binding fragment or recombinant 

1 0 binding protein thereof of any of claims 1 through 78, conjugated to detectable marker 

84. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein of 83, wherein the detectable marker is a fluorophor, radioactive 
isotope, enzyme, or chromophore, 

15 

85 A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof of any of claims 1 through 78, wherein the antibody is 
conjugated to a therapeutic agent. 

20 86. The monoclonal antibody, antigen binding protein or recombinant binding 

protein of claim 85, wherein the therapeutic agent is a radioisotope, a toxin, or a 
chemotherapeutic agent. 

87. The recombinant binding protein of any of claims 1 through 78, wherein 
2 5 the recombinant binding protein comprises a variable region capable of binding to the 

antigen and a protein toxin or therapeutic agent in the form of a fusion protein. 

88. HybridomaHB 11808, HB 11809, HB 11810, HB 11811. HB 11812, 
HB 11813,HB I1814,HB 1I8I5,HB 1 1816, HB 11817, HB 11818, HB 1 1819, 

30 HB 11820.HB II82I,HB 11822,HB II823,HB , HB , HB , and 

HB as deposited with the American Type Culture Collection. 

89. An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin light chain variable region having the amino acid residue sequence of 

35 Sequence ID# 12. 
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90. The nucleic acid sequence of claim 89, wherein the nucleic acid sequence 
is that of Sequence ID# 1 1 . 



91 . An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin heavy chain variable region having the amino acid residue sequence of 

10 Sequence ID# 14 

92. The nucleic acid sequence of claim 91, wherein the nucleic acid sequence 
is that of Sequence ID# 1 3 . 

15 93. An isolated and purified nucleic acid sequence which encodes an 

immunoglobulin light chain variable region having the amino acid residue sequence of 
Sequence ID# 1 6 

94. The nucleic acid sequence of claim 93, wherein the nucleic acid sequence 
20 is that of Sequence ID# IS. 

95. An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin heavy chain variable region having the amino acid residue sequence of 
Sequence ID# 1 8. 

25 

96. The nucleic acid sequence of claim 95, wherein the nucleic acid sequence 
is that of Sequence ID# 17. 

97. A pharmaceutical composition comprising a monoclonal antibody, antigen 
30 binding fragment or recombinant binding fragment thereof, of any of claims I through 

78, and a pharmaceutical^ acceptable carrier. 

98. A pharmaceutical composition comprising a monoclonal antibody, antigen 
binding fragment or recombinant binding fragment thereof, of any of claims I through 

35 78, conjugated to a detectable marker and a pharmaceutical^ acceptable carrier. 
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5 99. A pharmaceutical composition comprising a monoclonal antibody, antigen 

binding fragment or recombinant binding fragment thereof, of any of claims I through 
78, conjugated to a therapeutic agent and a pharmaceutical ly acceptable agent 

100. A method for inhibiting the activation of B cells in an animal comprising 
1 0 the administration to an animal an effective amount of the pharmaceutical composition 

of claim 76. 

101. The method of claim 100, wherein the animal is a human. 

1 5 102. A method for inhibiting the activation of B cells in an animal comprising 

the administration to an animal an effective amount of the pharmaceutical composition 
of claim 78. 

103. The method of claim 102, wherein the animal is a human. 

104. A method for inhibiting the growth of tumor cells expressing gp39 
antigen comprising administering to an animal a tumor inhibiting amount of a 
pharmaceutical composition of claim 99. 

105. The method of claim 104, wherein the animal is a human. 

106. The method of claim 104, wherein the therapeutic agent is a radioactive 
isotope or a toxin. 

30 1 07. The method of claim 1 02, wherein the inhibition of the activation of B 

cells prevents an autoimmune response, the rejection of a transplanted organ, graft- 
versus-host disease, an allergic response, or an inflammatory response. 

108. The method of claim 107, wherein the autoimmune disease is psoriasis, 
35 rheumatoid arthritis, systemic lupus erythematosus or diabetes mellitus. 
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5 109. A method for the imaging of cells expressing gp39 on their surface in a 

patient comprising: 

(a) administering to a patient a pharmaceutical composition of claim 97 
under conditions permitting the formation of a binding protein/antigen complex on the 
surface of the cells expressing gp39; and 
1 0 (b) detecting the presence of the binding protein/antigen complex on the 

surface of the cells as indicated by the presence of the detectable marker. 
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Figure 1 1 -2 
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Appliamft or agent's flic p 133A 
reference number 



Intenuuofularjplicationr J ~. pcy/95/01H9 



INDICATIONS RELATING TO A 



MICROORGANISM 



(PCT Rule \3bis) 



A* The indications made below relate to the microorganism referred to in the description 



on page 



102 



, lines 



n. IDENTIFICATION OF DEPOSIT 



Further deposits are 



on an additional sboet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution fuKludmf potui coi€ «W emmuy) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 


Accession Number 
HB-11808 


C. ADDITIONAL INDICATIONS (Ummbl**kif*ofppKc*b\ 


k) ThUinfomutiwiUccmtinued on an additional sb^ Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganisms ) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Of the mdicmtiotu trt mot for til iaipmUi Suits) 



E. SEPARATE FURNISHING OF INDICATIONS (tcvbkmkifm* tppfctbtc) 



The indications Hated below will be submitted to the International Bureau Utn (specify thtgemnlmitmr* of Aeimdi 
Number of Deposit 9 ) 



For receiving Office use only 



| | This sheet waa received with the international application 



Authorised officer 



For International Bureau use only 



n Tbia sheet was received by the International Bureau on: 



Authorized officer 



Form PCI7RO/134 (July 1992) 



Applicant's or agent's file ~ 
reference number J. JJA 



tiUenu^onal application pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRule \3bis) 



A. Toe indications made below relate lo (he rnicroorganbni referred to in the description 
onpage ™ . . lineS 5-24 



D. IDENTIFICATION OF DEPOSIT 



Further deposiu are identified on an additional abed 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution fmcttuTmg posit! code end emmiry) 

12301 Parklwn Drive 
Rockville,MD 20852 
USA 



Date of deposit 


Accession Number 


20 Jan 1995 


HB-11809 



C. ADDITIONAL INDICATIONS (Icmblemkifnot eppiiceblc) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State* it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 19S2 rule 
17 (3)/ Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Ofthcindicttioiu are not for mil daipieud Sisttt) 



E. S EPARATE FURNISHING OF INDICATIONS ffaave bknk if not eppiicebk) 



Die indications listedbeJow will be submitted to the International Bureau la ler (specify the wtmlneture of the indications , 
Number of Deposit*) 



For receiving Office use only 



I I This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



n This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RCV 134 (July 1992) 



Applicant's or agent* flic ^ ^133A 
reference number 



IitfenutioMlippliationN'v pct/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 136a) 



A. Hie indications made below relate to the mtcroofganisra referred to in the description 
on page 102 ,lmeS 5 ~ 24 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional a beet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution ftadtiding poiul code *tU comMtry) 

12301 Parklawn Drive 
Roc3cville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11810 



C. ADDITIONAL INDICATIONS (knebkukifnet oppiicsble) Tnis information is continued on an additional abeet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE fifth: i*JkithmM*r*m* for iU4empmUdStsta) 



E. SEPARATE FURNISHING OF INDICATIONS f/eaw Mni if not opptkoblc) 



The indications listed below will be submitted to the International Bureau later (speafr**$ami notureoflheindicoiions if* *Ai 
Number of Deposit*) 



For receiving Office use only 



[ | This sheet was received with toe international application 



Authorized officer 



For International Bureau use only 



| | Thb sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 



Applicant's or agent* file r -ji 33* 
rcfcreticc number A J-JJ* 



International application K, *v pcT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule Obis) 



A. The indications nude below relate to the microorganism referred to in toe description 
on page x ^ , lineS 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet | X| 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (including pastil code end country) 

12301 Parklawn Drive 
Rockville,MD 20852 
USA 



Dale of deposit 


Accession Number 


20 Jan 1995 


HB-11S11 



C ADDITIONAL INDICATIONS (leewe bknk if mot eppticebk) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the law of the designated State # it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EFC Rule 28(4) , United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE {if the indictuons ere net for ett designeted After) 



E. SEPARATE FURNISHING OF INDICATIONS (temntbtemkifnctoppficeblc) 



The indications listed below will be submitted to the International Bureau \Mier(sfnxifyAegomlnetureofthcindicauem 'Act 
Number of Deposit*) 



For receiving Office use only 



n Tbi* sbeet *** received with the international application 



Authorized officer 



For International Bureau use only 



n This sheet waa received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 



Applicant's or agent's file ~ 133A 
rcfercnoe number 



IntenuttonalapplicationK PCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rok \2bis) 



A. The indications made below relate to the mictouigiiusni referred to in the description 
on page * 02 .lineS 



n. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (welmdtug pastel code «W country) 

12301 Parklavn Drive 
RodcvilleiMD 20852 
USA 



Date or deposit 

20 Jan 1995 


Accession Number 
HB-11812 


C. ADDITIONAL INDICATIONS (krnmH*Mkifmotepc*csbi 


$4 This information is continued on an additional sheet |^| 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State # it 
is requested that a sample of the deposited microorganisnis) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3)/ Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if ike rndkettens mm* for ell desigmmted S r ia r) 



E. SEPARATE FURNISHING OF INDICATIONS (/em bkmk if mot eppTicebie) 



The indications listed below will be submitted to the International Bureau later (specify A* gaunt metmrt oftktimSctthmeg^ * 
Number of Deposit*} 



For receiving Office use only 



n This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



| | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RQ/l34(July 1992) 



Applicant's or agent* file 
reference number 



Internationa I appl ication ► * \ ycj£ ^^9 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 136a) 



A. The indication* made below relate to the microorganism referred to in the description 
onpage 102 . HneS *~ 24 



0. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional 



0 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (induding posttl code end comntry) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11813 



C. ADDITIONAL INDICATIONS (lemmbkmk if mot eppikebie) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4) , United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if tlx indkeUoni ere not for ell dengmtedSioiet) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not epplicebk) 



The indications listed below will be submitted to the International Bureau later (specify the gemerel neture oftheindicedons *A 
Number of Deposit'} 



For receiving Office use only 



["1 This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



I | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/R0r*l34 (July 1992) 



Applicant* or a gem's file ^ ^33^ 
reference number 



lntenia.ionalap*J»cationN->. prjj/96/0H19 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule mis) 



A. The indications made below relate to the miuomganiam referred to in the description 

102 „ ^ 5-24 

on page — 



.lines 



n. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet | X| 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (inctedimg postal code end country) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Dale of deposit 


Accession Number 


20 Jan 1995 


HB-11814 



C. ADDITIONAL INDICATIONS (loem bkttk if mot oppikebk) This ^formation is continued on sn additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State $ it 
is requested that a sample of the deposited microorganisms ) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3)/ Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the imdiemdom ore not for eU designated Setter) 



E. SEPARATE FURNISHING OF INDICATIONS (leewbkekifmoteppftcebte) 



The indications listed below will be submitted to the International Bureau later (specify Aegomelnmutreof tkeimdiceiiems \ 
Numb* of Deposit*) 



For receiving Office use only 



I I This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



f""| This sheet was received by the International Bureau on: 



Authorized officer 



Form PCI7RG/134 (Jury 1992) 



Applicant's or agents file r 1133* 
reference number 



Irternational application Kl< v pCT/96/01119 



INDICATIONS RELATING TO A 



MICROORGANISM 



(PCTRule 13 to) 



A. Toe indications made below relate to the microorganism referred to in the description 
on page 102 ,Un*S 



0. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution OmelitdimgpostmleadeeHdeoumiry) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11815 



C. ADDITIONAL INDICATIONS (leembiomkifmoteppikmble) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the Muttons art not for a il ietip+cd Simtes) 



E. SEPARATE FURNISHING OF INDICATIONS (Itm* bUmk if not opotkebit) 



The indications listed below will be submitted to the International Bureau later (specify thcgemlmmtmoftheurfcotioiat.fr \ 
Number of Deposit ') 



For receiving Office use only 



n "Rii* sheet was received with the international application 



Authorized officer 



For International Bureau use only 



| 1 This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RCVI34 (July 1992) 




Applicant? or agentfs file r vi vaa 

a ^ * ^pt^a^^a"Br# 

reference number 



Irteniational application*'*. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 136ii) 




A. The indications made below relate to the mreroorpntsra referred to in the description 

102 5-24 
on page * w 



.linoS 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (mc Win* postml cod€ rnnd country) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11816 



C ADDITIONAL INDICATIONS (Ummbknkifaot oppfctbk) This mforaaiioa is continued on an additional abeet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State , it 
is requested that a aanple of the deposited microorganism(s) be nade available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EEC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthemdk*im*r**cif***1aipm*dSuia) 



E. SEPARATE FURNISHING OF INDICATIONS (/we bUnk if mot *pp(k*btc) 



Tfceindicatidna listed below will be submitted to the International Bureau later (gpoti/yOmtmenitmrn 
NamberofDeposin 



For receiving Office use only 



|~H This sheet was rec eiv ed with the international application 



Authorized officer 



- For International Bureau use only 



PI This sheet was received by the International Boreao 



Authorized officer 



Form PCT/RQ/134 (July 1992) 



Applicant's or agent's file ^. *133A 
reference number 



International appl icatton *'*\ p£p/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRuk ltttr) 



A. The indications made below relate to the microorganism referred to in the description 
on page 102 .line* 5~ 24 



0. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (including pastil code end country) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11817 



C. ADDITIONAL INDICATIONS (leave btmmk if net mppBc*bU$ This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State $ it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



SBC 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ffihe inScnuons art not for nil destgnsted Suits) 



E. SEPARATE FURNISHING OF INDICATIONS (lean: blmnk if not apptienbic) 



The indications listed below will be submitted to the International Bureau later (specify the gcnerelnmtitre ofthcindtcnLonscg^ 'A 
Number of Deposit ") 



For receiving Office use only 



r*1 This dicet was received with the international application 



Authorized officer 



For Interna tioaal Bureau use only 



| | This sheet was received by the International Bureau on: 



Authorized officer 



Form FCT/RO/134 (July 1992) 



Applicants or agent* file p *^133A 
reference number 



Irtemational a|ip!icalion N*. pcx/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule XMs) 



A. The indications made below relate to the ratcroorgsnism referred to in the description 
on page JineS 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (including posul code end country) 

12301 Parklavn Drive 
Roc)eville,MD 20B52 
USA 



Dale of deposit 

20 Jan 1995 


Accession Number 
HB-11818 


C. ADDITIONAL INDICATIONS (kmmbkmM ifmottppiksbl 


This information is continued on an additional sheet 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert , in accordance with the relevant 
patent legislation e.g. EEC Rule 28(4) , Ifoited Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Of the imKcmiom eremeiforeU da*p*todSlSa) 



E. SEPARATE FURNISHING OF INDICATIONS flame Mm* If met epffcebk) 



The indications listed below will besubmitted to the International U\ttt*}i\*\tt(*pcdfyd*$mm*lmMm*9f(hii*£c*t 

Number of Deposit 9 ) 



For receiving Office use only 



| | Thii aheet waa received with the International application 



Authorized officer 



For International Bureau use only 



| | Tbia aheet was received by the tntematfonal Bureau on: 



Authorized officer 



Form FCT/R0/I34 (July 1992) 



Applicant's or agent* file ^ 
reference number 



4 133A 



International application!^. prjx/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PGTRuie IZbis) 



A. The indications made below relate to the microorganism referred to in the description 
onpage 1« J«eS *** 



D. IDENTIFICATION OF DEPOSIT 



Further deposiu are identified on an additional sheet p(| 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (including postal code tnd country) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HBr-11819 



C. ADDITIONAL INDICATIONS (/cm bkmk if net uppfaubk) Tnis information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sanple of the deposited microorganismfs) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indiciums ore not for el! designeicd Sites) 



E. SEPARATE FURNISHING OF INDICATIONS (IcewebionkifnoteppHcmbU) 



Theindicatibns listed below will be submitted to the International Bureau later (specify the gam! nmtmre oftkeindicmimms *j, ' 
Number of Deposit') 



For receiving Office use only 



I""! This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



n This sheet was received by the International Bureau on: 



Authorized officer 



Form PCI7R 0/134 (July 1992) 



Applicant's or agent* file ^ 
reference number 



IntenuttofiaUpplieitaonNo. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule mis) 



A. The indications made below relate to the microorganism referred to in the description 
onoage 102 Jin* 5-24 



II. IDENTIFICATION OF DEPOSIT 



Further deposiu are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (inclmdimg posid code «W country) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Dale of deposit 




Accession Number 




20 Jan 1995 




HB-11820 





C. ADDITIONAL INDICATIONS (lent bk*k if** epplkebte) This information is continued on an additional abeet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the law of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 



only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE 01 



if*** for mil iaigmmtedSlstei) 



E. SEPARATE FURNISHING OF INDICATIONS (tombknkifm* epfdkebie) 



The indications listed below will be submitted to the International Bureau \M\a(ipeaff^iememlmmmnefAeindicm^^ 'Acceemm 

Number of Deposit*) 



For receiving Office use only 



rn This sheet waa received with the international application 



Authorized officer 



For International Bureau use only 



PI This sheet waa received by the International Bureau on: 



Authorized officer 



Form POVR 0/134 (July 1992) 



Applicant's or agenft Hie p*nj23A 
reference number x aja 



International a ppliat km No. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule XMs) 



A. The indications nude below relate to the m 

on page x ^ , IsneS 



referred to in (be 



ton 



II. IDENTIFICATION OF DEPOSIT 



Further deposit* ire identified on an additional ahaet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (including pastil code end country) 

12301 Parklawn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Number 

HB-11821 



C. ADDITIONAL INDICATIONS (leave bUnk if net epptictblc) Thh information is continued on an additional abaci Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State* it 
is requested that a sample of the deposited microorganism (s ) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3*25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (iftl*indkglioni*r*nolfori8dcapmUdSliki) 



E. SEPARATE FURNISHING OF INDICATIONS (tcevebknkifnoiepptktble) 



The indications listed below will be submitted to the International Bureau later (specify the gena^lmture of the Mcmtionse^^ "A 
Number of Deposit 0 ) 



For receiving Office use only 



1 | This abeet was received witb the international application 



Authorized officer 



For International Bureau use only 



1 | This sheet was received by toe International Bureau on: 



Authorized officer 



Form PCT/RQf 134 (July 1992) 



Applicant's O! agent's file ^ *>133A 
reference number 



IMemationalapnliotionNo. pcT/96/01119 



l 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRulc \3bis) 



A* The indications made below relate to the microorganism nfemd Co in Ibe description 
on page , lineS _ 



n. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (inchdixg postal code and emmtry) 

12301 ParXlavn Drive 
Rockville,MD 20852 
USA 



Dale of deposit 

20 Jan 1995 



Accession Number 
HB-11822 



C. ADDITIONAL INDICATIONS (lew bk*k if not apptkabte) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. BPC Rule 28(4), United Kingdom Patent Rules 1982 role 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if dm rndkoocma art mot for ail daip+td ft a fcr) 



E. SEPARATE FURNISHING OF INDICATIONS (k***a4*mkifmot appGcaMe) 



The indications listed below willbe tttbrailled to the international Bureau later {xpeafy aWfe*crvf afttervcf ri* i 
Numb* of Deposit 9 ) 



•Ai 



For receiving Office use only 



| | This sheet was received with Ibe international application 



Authorized officer 



For International Bureau use only 



n This sheet was received by the International Bureau 



Authorized officer 



Form PCT/RCV134 (July 1992) 



Applicant^ or agentt file ~ >i 03* 
reference number AM * 



IntenutimlapplicatioaNn. pcx/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule !3Wy) 



A. The indications made below relate to (he microorganism referred to in the description 
onp.ee 102 .lines 5 " 24 



D. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional shed 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (tmtaSmg postal code emd coemtry) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Date of deposit Accession Number 

20 Jan 1995 HB-11823 



C ADDITIONAL INDICATIONS (iemmbUmkifmot appficeblej To is information is continued on an additional shed Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the law of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert* in accordance with the relevant 
patent legislation e.g. ETC Rule 28(4) , United Kingdom Patent Rules 1982 rule 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE 0ffcMceiionjeremotJc*eUJcsigm*eJSle4es) 



E. SEPARATE FURNISHING OF INDICATIONS (leevebienkifmot ippftcebU) 



Hie indications listed below will be submitted to the International Bureau \%\tx {specify the gcnerelirtmtt of ihc'uriceiiota€.g^ 
Number of Deposit') 



For receiving Office use only 



I 1 This abeet was received with the international application 



Authorized officer 



For International Bureau use only 



n This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 



Applicant's or agent* Hie r "^13311 
reference number 



Intenulional application No. p£P/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13Wf) 



A. The indicalions made below relate to (he microorpnism referred to in the description 
on page 102 JineS ^~ 2A 



D. IDENTIFICATION OF DEPOSIT Further depoiits are identified on an additional steel Q 

Name of depositary institution 

American Type Culture Collection 

Address of depositary institution (including postil code **dco**ry) 

12301 Parklavn Drive 
Rockville,MD 20B52 

USA 



Date of deposit 

16 Jan 1996 


Accession Number 
HB 12016 


C. ADDITIONAL INDICATIONS (Umwebknkifmetwppikmbi 


e) This information h continued on an additional abeet | | 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State # it 
is requested that a sample of the deposited microorganisa(s) be made available 
only by issue thereof to an independent expect/ in accordance with the relevant 
patent legislation e.g. ETC Rule 28(4) , United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the imdiemtions crtmctforili daipmud SiUa) 



E. SEPARATE FURNISHING OF INDICATIONS Qmrnbtok^m •pffabki 



The indications listed below will be submitted to the tmemationsl 
Number ofDeposH') 



For receiving Ofliea use only 



I 1 This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



| | This sheet was received by the International Bureau on: 



Authorized officer 



Form PCI7RQ/134 (July 1992) 



Applicant* or agent's file r * 33* 
reference number 



International application No. pci/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule \3bis) 



A. The indications made below relate to the microorga nis m referred to in the description 
on page 102 .IineS ^ 24 



B. IDENTIFICATION OP DEPOSIT 



Further deposits are identified on an additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (7 nc/irf/u; posfi code m*d conntry) 

12301 Parklavn Drive 
Rockville,MD 20852 
USA 



Dste of deposit 

16 Jan 1996 


Accession Number 
HB 12017 


C. ADDITIONAL INDICATIONS (leave bUnk if at* tppTtcsbU) His information is continued on an additional sheet fH 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert, in accordance with the relevant 
patent legislation e.g. EEC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthcUUkm&msmm* 




E. SEPARATE FURNISHING OF INDICATIONS (leave bUmk if*ot tppiiabU) 



The indications listed below will be submit ted to the International Butttultlct (specify the gcnovl^urepftheindiciiioHiigv * 
Number of Deposit') 



For receiving OfGce use only 



n This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



|""| This sheet was received by the International Bvreau on: 



Authorized officer 



Form PCI7RCV134 (July 1992) 



Applicant's or agents file r ^)132& 
reference number 



I ntenutiorul application No. pcj/95/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13Wj) 



A. The indications nude below relate to the raicroorpnJsm referred to in the description 
on page 102 .line* S " 24 



B. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (indmdimf posul code end comrtry) 

12301 Parklawn Drive 
Rockville,MD 20852 
USA 



Date of deposit 

16 Jan 1996 



Accession Number 
BB 12018 



C ADDITIONAL INDICATIONS (Icm^bkmk if mot 4 



This information is continued on an additional sheet [ | 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert* in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE 



E. SEPARATE FURNISHING OF INDICATIONS (UmmbUmkifmot eppfUxbic) 



The indications listed below will be submitted to the International Bureau to tar (specify ttw$t»crel motive of Urn imdiceiiomt 94+ 'A 

Number of Deposit*) 



For receiving OIBce use only 



n this sheet was received with the international application 



Authorized officer 



For International Bureau use only 



PI This sheet was received by the International Bureau on: 



Authorized officer 



Form PCI7RQ/I34 (July 1992) 



Applicants or agent** file r ^i^SA 
reference number a JJH 



International application No. pCT/96/01119 



INDICATIONS RELATING TO A 



MICROORGANISM 



(PCT Rule 13Wi) 



A. The indications nude below relate to the microorganism referred to in ibe description 
onp.se 102 . lineS ^4 



D. IDENTIFICATION OF DEPOSIT 



Further deposits ere Identified on an Additional sheet 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution (iaeJu£m? postal co& ana* ceontry) 

12301 Parklavn Drive 
RockvillerMD 20852 
USA 



Date of deposit 

16 Jan 1996 



Accession Number 
HB 12019 



C. ADDITIONAL INDICATIONS (ktvcHtmk if not appRcable) This information is continued on an additional sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sample of the deposited microorganism(s) be made available 
only by issue thereof to an independent expert* in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE hiADZ(ifOxindket^ercnotfor*itdcmt*^$t*ta) 



E. SEPARATE FURNISHING OF INDICATIONS (leave bknk if not eppficebk) 



The indications listed below will be submitted to the Internationa I Bureau later (specify ike grimlnatnrtcftheinJicatipmj «.|, 
Number of Deposit*) 



For receiving Office use only 



n This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



| 1 This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/134 (July 1992) 



